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PURDUE UNIVERSITY 


By GEORGE W. MUNRO 


Professor of Thermodynamics 


Purdue University is located in West Lafayette, Indiana, which 
is sixty miles northwest of Indianapolis, the capital of the state. 
The two cities, Lafayette (26,000) and West Lafayette (5,000), 
are located on opposite sides of the Wabash River at a point which 
was once the head of navigation of that stream, the University 
being on the high level land somewhat back from the flood plain. 

Two miles below the city is the site of Fort Ouiatanon, the 
first white settlement in Indiana (1720) and seven miles northeast 
is the Tippecanoe Battle Field, now a state park, where Harrison 
defeated the Indians under the ‘‘Prophet,’’ brother of Tecumseh, 
in 1811. 

Purdue University is the Land Grant College of Indiana, being 
established under the Morrill Act of 1862, the provisions of which 
were accepted by the state in 1865. The University was named in 
honor of John Purdue who gave 100 acres of land and $150,000 
in money, a benefaction of first magnitude in its day and place. 
The principal buildings of the School of Agrieulture are located 
on the land given by Mr. Purdue. 

During its early days, Purdue University passed through more 
than the usual amount of turmoil and tribulation. Organized in 
1872, it opened its doors for students two years later and by 1884 
was under its fourth president; had been disrupted once by faculty 
dissensions; had suffered from fraternity controversy fought bit- 
terly through faculty, courts and legislature; and had failed to 
secure state appropriations from the legislature in 1883. State 
Support was again withheld in 1887. In spite of these handicaps, 
the institution progressed and by 1888 four year courses in agri- 
culture and in mechanical, civil and electrical engineering were 
established. 

During the ‘‘Gay Nineties’’ Purdue developed rapidly both in 
engineering and as a whole; this period seeing the completion of the 
electrical engineering building, the locomotive testing plant and the 
mechanical engineering laboratories and shops. 

lt is now organized in eight ‘‘Schools,’’ Agriculture, Civil, 
Chemical, Electrical and Mechanical Engineering, Home Eco- 
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nomics, Pharmacy, Science and the Graduate School; each under 
an administrative Dean except the four engineering schools which 
are under the single Dean of Engineering. Degrees are also given 
in Forestry, Industrial Education and Physical Education. 

The health of the students is protected by an organized Student 
Health Service, while the Dean of Women and the Dean of Men 
head the student personal welfare services. 

The 115-acre campus of Purdue University is located on high 
level ground almost at the edge of the vast rich prairie which ex- 
tends without break to the Missouri River. Foresight in ground 
development has provided beautiful hedge, lawn and tree effects, 
while the campus itself is restfully level. The proximity of the 
Wabash and Tippecanoe Rivers and the Wildcat and Wea creeks 
provide much broken, even rugged country, within a few minutes 
drive of the university grounds. 

Close to the campus the university is developing a system of 
six dormitories for men, two units now being complete and occu- 
pied. Plans are ready and ground will soon be broken for a 
modern system of residential halls for women nearby. A 65-acre 
recreation field containing the Ross-Ade Stadium is conveniently 
at hand, while an ample airport, recently acquired, gives oppor- 
tunity for satisfactory development of a strong aeronautical 
division. 

The School of Agriculture, the Agricultural Experiment Sta- 
tion and the Agricultural Extension Division function coopera- 
tively under the common leadership of the Dean of the School of 
Agriculture. Use is made of 1,250 acres of owned land imme- 
diately in the vicinity of the University and 1,450 acres located in 
various parts of the state. Through the agricultural division Pur- 
due has made notable contributions to the solution of rural prob- 
lems both physical and social. Outstanding are those connected 
with the control of rusts, blights and other plant diseases, the 
preservation and transporting of dairy products, the development 
of disease resisting strains of wheat and maize, the development of 
the economies of stock feeding, the profitable preparation of farm 
products for the market and the control of insect pests. 

Pharmacy in Indiana has received a long delayed recogni- 
tion with the completion of a new and commodious building to 
house the School of Pharmacy at Purdue University. Besides 
instruction in the four-year course the School of Pharmacy main- 
tains the university dispensary which fills, free of charge for stu- 
dents, the prescriptions issued by the student health service. A 
pharmacy garden for growing medicinal plants is a prized posses- 
sion of the School of Pharmacy. 
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Home Economies was separated from the School of Science in 
1926. In adddition to the laboratories for foods and textiles, it 
operates a residential practice house for seniors, a large cafeteria 
and a child development laboratory. 

The School of Science gives instruction in science, mathematics, 
and the subjects classed as the Humanities. It thus unifies the in- 
struction in English, mathematics, physics, chemistry, biology, his- 
tory, economies, education and modern language, and continues in- 
struction to graduation of students majoring in those subjects. 

The Graduate School, only recently organized as a separate 
division, coordinates the facilities for graduate study and research 
and oversees the programs and progress of all students doing 
graduate work. 

The Schools of Engineering which enroll about two thirds of 
the students at Purdue University, will be described in a separate 
article in an early issue of the Journal. 

In the first semester of 1930-31, Purdue registered 4,550 stu- 
dents classified as follows: 


Undergraduates: 
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From the trying eighties when the President of the Board of 
Trustees, Mr. C. B. Stuart, pledged his personal fortune that the 
school the legislature forgot might carry on, to the present when the 
University is the recipient of a recreation field, several farms, a 
permanent surveying camp and an airport in rapid succession from 
its present President of the Board, Mr. David E. Ross, Purdue has 
had faithful and devoted friends with vision, both in and out of 
the official family. It is quite impossible in this short article, to 
mention either their names or their benefactions. 















GRADUATE WORK IN ENGINEERING IN NEW 
ENGLAND COLLEGES * 


By CHESTER L. DAWES 
Harvard University 


As an introduction to the subject of Graduate Work in Engi- 
neering in New England Colleges, I am presenting first a general 
background to graduate work in engineering in American engineering 
schools as it exists today. 

I believe that anyone engaged in teaching engineering will agree 
that the present standard period of four years for an undergraduate 
program in engineering is entirely inadequate. We teachers feel 
pressure from all sides. For example, we are told that we do not 
devote sufficient time to cultural studies so that our graduates tend 
to become self-contained, and narrow-minded; and are unable to 
enjoy to the fullest extent the finer things of life. 

We are told that the time devoted to the subject of human 
relationships is entirely inadequate; our graduates are lacking 
entirely in ability to deal with personnel and labor problems. 

Other employers tell us that our graduates have inadequate 
knowledge of basic scientific principles, that is of the so-called 
fundamentals of engineering. 

We also hear occasionally that more emphasis should be given to 
certain special branches of engineering owing to their present day 
importance. I believe, however, that the more enlightened indus- 
tries now ask only for sound basic scientific training, they themselves 
preferring to supply the specialized training, which their particular 
industry requires. 

We also hear many lesser suggestions regarding possible improve- 
ments in the content of our curricula. We all appreciate the fact 
that the foregoing criticisms have some justification. It is true 
that the student engineer should be given sufficient cultural studies 
to give him breadth of vision and to give a greater number of points 
of contact with the men of other interests whom he is certain to meet 
both professionally and socially. 

It is true that the human and labor problems in industry were 
never more acute than they are today, when machinery and mass 
production are displacing manual labor at a rate which is considered 


* Presented at the meeting of the New England Section, 8. P. E. E., Dart- 
mouth College, November 1, 1931. 
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by many to be alarming. Hence, some preparation by students to 
meet such problems is very desirable. 

It is inevitable that the design of machinery and engineering 
structures should attain greater and greater refinement as the 
knowledge of the physical, chemical, and electrical reactions which 
occur within them become better known; also the intensive research 
which is now being conducted on such a wide scale is continually 
resulting in new scientific discoveries that are applicable to engi- 
neering designs. Such factors require that our students have a 
much sounder, and I may say broader, grasp of mathematics, 
physics, and chemistry and the possibilities of their application to 
engineering problems, than was formerly required. 

It is also desirable and helpful to give students work in some 
specialized branches of engineering, since the application to engi- 
neering problems of the basic scientific principles which they have 
been taught in the abstract, is illustrated, and nothing fixes such 
principles better than their concrete applications. The number of 
such specialized courses that can be included in an undergraduate 
curriculum is very limited on account of the small amount of time 
available; also, as a rule it is not possible to prepare the average 
undergraduate for any specialized branch of engineering, since he 
usually does not know definitely the field of work which he will 
enter, until he is about to graduate, and sometimes not even then. 

The foregoing is given to illustrate the fact that both the em- 
ployers and the teachers of engineering students believe that our 
four year undergraduate programs in themselves do not produce 
well rounded prospective engineers, nor do they develop sufficiently 
the latent qualities that are inherent in the students. In fact, I 
believe that in the limited period of four years, none of us expects to 
graduate a well developed engineer in the sense that the professional 
schools of recognized standing graduate physicians, lawyers, and 
dentists. The best that we can hope to accomplish in a four-year 
undergraduate program is to give the student a small and insufficient 
amount of cultural background, a sound but inadequate grounding 
in basie scientific principles and a very limited number of their 
concrete applications, and what is, I believe, of most importance to 
give an ambition or an impetus which will impel him by his own 
efforts to continue to expand and develop himself further in cultural 
and humanistic activities as well as in his own professional field. 

The inadequacy of the four-year program in engineering! is 
recognized by both students and teachers, and where it is possible 
to do so, engineering students should be recommended to take an 
arts degree before registering in an engineering school, and thus 

1 See Society for Promotion of Engineering Education. Report of the Inves- 

tigation of Engineering Education, Vol. I, page 133. 
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complete the requirements for the engineering degree in an ad- 
ditional two years. In some institutions, the course in the college 
of liberal arts may be so selected that the student receives his arts 
degree in four and his engineering degree a year later. This pro- 
cedure is admirable, not only in liberalizing the training of the 
engineer and thus overcoming some of the disadvantages of the 
four-year engineering program, but also in giving the engineering 
student campus life and contacts that are either difficult or impos- 
sible for him to obtain in the engineering schools alone. Engi- 
neering graduates who have obtained their training under these 
conditions not only show the advantages of this type of training but 
almost without exception recommend it to those who are able to 
devote to study the extra time which is necessary. However, due 
to the long-established custom of a four-year program, the im- 
portance to many engineering students of beginning productive 
work as soon as possible, usually for financial reasons, and the fact 
that several industries give engineering graduates further oppor- 
tunity to study for advanced degrees, it is possible to interest but a 
small proportion of the total number of students in this type of 
program, meritorious though it may be. 

Although the programs of study of such students may consist 
entirely of undergraduate engineering courses, it appears to be the 
general custom to classify them as graduate students and so far as 
enrollment is concerned, to make no discrimination between them 
and those graduate students whose program may consist partially or 
entirely of advanced or graduate courses. In most New England 
engineering schools, these graduates are awarded the same degree as 
is given to the undergraduates on the satisfactory completion of 
their programs. At Harvard, recognition is taken of the broader 
background of such students and they are awarded a higher degree 
than the undergraduates even though both may have completed 
satisfactorily the same program of engineering studies. Likewise, 
Dartmouth awards the degree of Civil Engineer (which is equivalent 
to a Master’s degree) upon the satisfactory completion of the 
program in engineering. All candidates for this engineering degree 
must first however have obtained a Bachelor’s degree. At the 
Massachusetts Institute of Technology this class of students, who 
are candidates for the 8.B. degree, are enrolled as undergraduates; 
those who are candidates for higher degrees are enrolled as gradu- 
ates. The minimum requirement for the degree of Master of 
Science with or without field of designation is that 75 per cent. of 
the subjects taken shall be primarily for graduates. (See Appendix 
for detailed practice of each institution.) 

This type of graduate student constitutes a considerable pro- 
portion of the graduate engineering students of our New England 














ze 
rts 








IN NEW ENGLAND COLLEGES 585 


colleges, but since several of the schools in their enrollment data do 
not discriminate between them and graduates who are taking for the 
most part graduate courses, it is not possible to enumerate the exact 
number. In this paper such students are with one exception 
classified as graduate students; some institutions, however, do 
discriminate between them and the graduate student whose program 
consists for the most part of graduate work, and the numbers of each 
type for such institutions may be found in the Appendix. 

In most engineering schools there are students of mediocre 
ability who show little or no promise of becoming engineers of 
outstanding attainment, but who manage just to “get by.’’ For 
them, perhaps, the four-year program has developed all their latent 
ability, although in some cases, this may be debatable. On the 
other hand, there are almost always students who by their scholastic 
attainments, their analytical ability, their personality, and their 
determination, give every promise of becoming outstanding figures 
in the engineering profession. I believe that such men should be 
given every incentive and aid to continue their engineering training 
by graduate work in an academic atmosphere and under academic 
auspices. 

Experience shows that during the time which they devote to 
graduate work they will develop a much broader outlook, will 
acquire a much keener analytical ability and more serious and 
mature demeanor than can possibly be hoped for in a student who 


- has just completed his undergraduate requirements for a bachelor’s 


degree. In other words, students who have completed one or more 
years of graduate work are more nearly a finished educational 
product in the same sense as are doctors, lawyers, and dentists from 
professional schools of recognized standing. Moreover, both the 
engineering schools and industry recognize this, for, at the present 
time at least, the demand for such men both for teaching positions 
and for technical positions in industry far exceeds the supply. 

For example, it has often been emphasized that if the standard of 
the teachers of engineering is to be maintained and even raised, it 
will be necessary to attract and recruit young men not only of 
ability and promise but of attainment as well. These qualities, I 
believe, are best developed and tested by graduate work in an 
academic institution. This belief has been recently substantiated 
by one of the leading engineering institutions of New England in 
the appointment of two young scientists and holders of doctor’s 
degrees, one as its president and the other as the head of its depart- 
ment of physics. 

At the moment, industry is not able to obtain the necessary 
number of men who are sufficiently well trained to solve its more 
intricate and pressing research problems, as well as to solve its 
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business and personnel problems. It recognizes the value of 
graduate training in engineering by taking so large a proportion of 
our graduate students that practically none remain for teaching and 
research positions. 

Thus engineering teaching and industry will greatly benefit if 
graduate work can be further encouraged and the number of gradu- 
ate students of promise be increased. However, graduate work, 
particularly in New England engineering schools, is not limited to 
recent graduates. Many teachers of engineering are finding it well 
worth while to pursue further study; some for example, attend 
summer schools; others take special summer work with industrial 
organizations; and a number devote a leave of absence or a sab- 
batical year to graduate work at some engineering school, preferably 
not theirown. This plan is particularly advantageous to teachers, 
in that they not only acquire additional training and knowledge 
from the courses which they take, and also perhaps an advanced 
degree, but in addition they are able to get an insight into the 
organization and methods of an engineering school not their own. 
This gives them inspiration and ideas that may be advantageous for 
their own school. For similar reasons a number of engineering 
teachers from other countries take graduate work in American 
engineering schools. 

Engineering graduates who have for some time been active in 
industry frequently find that the problems they are attempting to 
solve require some specialized knowledge or the application of some: 
newly discovered laws of science with which they are not entirely 
familiar, or which are not readily accessible to them. This is 
particularly true at the present time when science is making so many 
startling discoveries, particularly in laws relating, for example, to 
atomic structure and to hydrodynamics. Such engineers frequently 
find it advantageous to return for a period to some engineering 
school and take work of an advanced nature usually under some 
recognized specialist. Similarly, engineers from other countries 
either come here of themselves or are sent by their governments or 
employers to take graduate work in engineering in American colleges. 

Thus we find that the body of our graduate engineering students 
consists of recent graduates who may become teachers or who may 
enter industry; teachers taking advanced work toward further 
academic degrees; and men from industry seeking further academic 
training. 

In spite of the inducements that industry may offer the promising 
student who has just obtained his first bachelor’s degree, I believe 
that it is advantageous for him to continue with graduate work at an 
engineering school if he is financially able to do so. The academic 
atmosphere of study and research cannot be duplicated in industry 
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where the prevailing atmosphere is production, high-speed ma- 
chinery and commercial activity. 

For graduate students the cost of instruction must necessarily 
exceed by a considerable amount the cost per undergraduate 
student, since graduates are fewer in number, are given. more 
individual attention, and usually require more or less extended 
facilities for research. Furthermore, graduate work is most 
properly given by specialists or men who have attained distinction 
in some particular field. For these reasons it seems generally 
agreed that graduate work should be undertaken only by those 
institutions which have adequate facilities in both teaching personnel 
and equipment. Those schools which are not as yet in a position to 
offer substantial graduate work should, and for the most part are 
concentrating on their undergraduate work, and should be com- 
mended for so doing. 

This situation is well stated in the following quotation from the 
Report of the 8. P. E. E. Board of Investigation and Coérdination 
(Vol. I, page 117). 

“It is desirable that resident graduate work for advanced degrees 
should be undertaken only by engineering colleges with notable 
teachers and exceptional facilities; that a program of additional 
undergraduate studies should not be considered as graduate work 
leading to an advanced degree, and that the several institutions 
engaged in graduate work should emphasize distinctive fields of 
effort according to their special advantages of personnel, location 
and equipment; that the graduate student should seek out the best 
qualified master in his field of special interest and, in most instances, 
should migrate to some institution other than the one attended as an 
undergraduate for the sake of the added breadth; and that financial 
inducements to prospective graduate students should be offered 
only to men of distinct promise.” 

And on page 139: 

“Tt is advised that a considerable number of engineering colleges 
confine their efforts to a sound undergraduate program and pursue 
the practice of directing their graduates to other institutions for 
advanced work.” 

Inasmuch as the total number of undergraduates in engineering 
schools is several times the number of graduates and as the edu- 
cational problem involved in imparting a sound engineering training 
in the short period of four years is tremendously difficult, it seems 
only rational that the greater proportion of engineering schools 
should concentrate on the problem of better training for the under- 
graduate. This also seems to be the prevailing sentiment among 
the Engineering Schools of New England. Sentiments to this effect 

are expressed by some of the engineering teachers of our New Eng- 
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land Colleges in statements from them which appear in the latter 
part of this paper. 


New ENGLAND COLLEGES 


There are thirteen colleges in New England offering courses in 
engineering. These are listed in Table I. Since New England is 
generally recognized as the early seat of learning in the United 
States, it is only natural that its engineering schools should at 
least have their proportionate number of graduate students. I have 
attempted to ascertain this proportion for the past year or two but 
the latest statistics which I have been able to obtain are those of 
the United States Bureau of Education for 1924-25. At that time 
81 institutions out of a total of 151 offered graduate work in engi- 
neering. It was estimated that there were about 1,000 graduate 
students in engineering of all kinds, including those on part time, 
although only 707 were regularly enrolled. Most of these were 
candidates for the master’s degree. 

Five hundred and seventy-two degrees were conferred of which 
only eight were doctor’s degrees, the remainder being master’s 
degrees or the equivalent. Of the foregoing enrollment of engi- 
neering graduates, 258 were from New England Colleges. 

Hence it appears that 36 per cent or over one third of the 
graduate students of the country were at that time enrolled in New 
England Colleges. Similar statistics for the year 1925-26 which 
are the latest available give for 143 engineering institutions in the 
United States the total number of postgraduate students as 1,114 
and the total number of students working for their first degree as 
54,337. This gives 1 to 49 as a ratio of graduate to undergraduate 
students for that year. 

Since that time, the number of graduate students in the United 
States has increased rapidly, it being estimated that at the present 
time there are more than 1,600. Simultaneously, too, the number of 
graduate students in New England Colleges has also increased 
rapidly for there is now a total number of 595 as shown in Table I, 
and incidentally, this gives 37 per cent as the ratio of the grad- 
uate students in New England to the number in the country as a 
whole. At the present time the ratio of graduate engineering 
students to the number of engineering students working for their 
first degree for the entire country is estimated to be approximately 
1 to 12, so that the proportion of graduate to undergraduate students 
in New England colleges is three and one quarter times as great as 
it is for the country as a whole. 

In this paper it is not the intention to discuss in any detail the 
practices and methods of administering graduate work in the 
individual New England Colleges, but rather to present a general 
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view of conditions as they now exist together with some comparative 
data. These data are tabulated in Table I, and are offered for 
purposes of information and as a possible basis for discussion. 
Obviously, the individuals connected with any particular school can 
best describe in more detail the conditions which exist in their own 
particular institution, together with their experiences with graduate 
work. Opportunity for doing this will be given in the discussion 
which follows this presentation. 


APPENDIX 


Statements Relating to the Individual Engineering Schools 
There are a few statements from representatives of some of the 
individual schools which amplify or describe in some detail their 
particular situations. These are submitted as follows: 


As is indicated in Table I, Brown University does not attempt 
except in the fourth year to discriminate between the different fields 
of engineering. This is explained by Prof. A. E. Watson of the 
Electrical Engineering Department as follows: 

‘Since about 1914 Brown University has not attempted to make 
early specialization in the three lines of engineering, but to lay the 
fundamentals, along with an admixture of cultural studies, and in 
the senior year only to begin the several diversions. For the first 
two years the courses of instruction are identical for all three lines; 
in the junior year there is opportunity for a slight selection, but in 
the senior year the student may spend about all his time in the 
particular line which he has decided. Our experience in this 
procedure meets with the approval of a large number of our gradu- 
ates and directors of the various industries into which the men enter. 

“Although graduate instruction has been conducted here for 
about 40 years under the direction of its graduate department with 
its special dean, only just now has the ‘Graduate School’ been 
definitely established and recognized. A limited amount of 
graduate study has always been conducted by the division of 
engineering leading to the degree of Master of Science, but now 
with the enlarged plans we intend to prepare for activity that will 
be in keeping with the rest of the institution. 

“You will recollect that Engineering here is not a separate 
department, but is a portion of the academic college. To dodge the 
suspicion we call it a ‘ Division’ not a ‘Department.’”’ 


Dartmouth College occupies a unique position in regard to 
graduate work in engineering. The situation is expressed in the 
S. P. E. E. Report (loc. cit.), p. 134. ‘There is therefore but one 
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institution, 7.e. Dartmouth, other than certain coéperative schools, 
where the first degree in engineering cannot be gained in a four-year 
period.”” In addition Dean Marsden submits the following: 

“The Answer to Question No. 2 (Do you give graduate work in 
Engineering?) depends upon the definition of graduate work. I 
should rather say the Thayer School presents professional work or 
is a professional school rather than a graduate school. This because 
of the fact that although we do not present work in research or 
advanced theory, as is the case in some institutions, no man is 
admitted to the work of the final year in the Thayer School unless he 
holds a Bachelor’s degree. The fact that it requires five years to 
earn the degree of Civil Engineer at Dartmouth is in part due to the 
fact that during the three years of undergraduate work a part of the 
schedule is made up of the so-called cultural studies, such as 
Literature, Art, Social Sciences, and so forth. 

“T am afraid therefore that you will have to use your own 
judgment as to the proper answer which I should give to Question 
Sg 


Of the total number, 72, of engineering graduates in the Harvard 
Engineering School, thirteen have arts degrees and are taking 
essentially undergraduate engineering courses for their next degree. 
After having completed satisfactorily the required program in 
engineering, this class of graduate students is awarded a Master’s 
degree in engineering without designation of field, in recognition of 
their work in engineering, taken in conjunction with the require- 
ments which they have met to obtain their first degree. Of the 72 
graduate students, 6 have returned from industry for further 
graduate work and 5 more are teachers of engineering who are 
working for an advanced engineering degree. 


The University of Maine requires that graduate students pursue 
graduate work in a major department or subject in which the 
candidate has already completed the equivalent of at least two 
years of undergraduate study. In graduate work, the engineering 
school specializes in Pulp and Paper, Electric Power Transmission, 
Sanitary Engineering and Concrete Design. 


Dr. H. M. Goodwin, Dean of Graduate Students at the Massa- 
chusetts Institute of Technology, submits the following: 

Total registration of graduate students in Science and Engi- 
neering who are working for higher degress—538. 

Number with Bachelors’ Degrees from M.I.T.—201. 

Number with Bachelors’ Degrees from other colleges in the 
United States—298. 
39 
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Number with Degrees from foreign universities—39. 
The registration thus shows that this year 37.4 per cent of our 
graduate students are from the Institute, 55.4 per cent from other 
colleges in the United States and 7.2 per cent from foreign countries. 
One hundred forty-nine colleges, universities and technical schools 
are represented, of which twenty-four are outside of the United 
States. The rather large increase in registration over the last year 
is due chiefly to a larger percentage of students coming to the 
Institute from other institutions. In addition to the above students 
who are working for higher degrees, there are also registered one 
hundred eight college graduates who are working for the 8.B. 
Degree. These students are regarded and classified as under- 
graduate students as they are expected to complete the curriculum of 
one of the regular undergraduate courses under the same conditions 
as other undergraduates. Only those students with Bachelors’ 
Degrees who are definitely working towards a higher degree without 
taking the Institute’s 8.B. Degree on the way, are classified as 
“Graduate Students.” 

There is, therefore, a fundamental distinction between the 
classification and requirements of students with college degrees 
according as they intend to pursue work leading to the Institute’s 
Bachelor’s Degree, or to the Master’s or Doctor’s Degree. No 
discrimination is made in classifying as ‘‘graduate students” those 
whose college preparation is such that they must take more or less 
undergraduate work as preparation for graduate work and those who 
are able to enter at once upon their advanced work. The former 
require, of course, a longer period of residence to meet the require- 
ments for the degree, but if they have degrees from recognized 
institutions and their credentials are such that they are accepted as 
prospective candidates for a higher degree by the department in 
which they wish to enter, they are classified as “graduate students”’ 
irrespective of the time it may take them to qualify for the degree. 

The minimum requirement for the degree of Master of Science, 
whether taken with or without specification of the field of science or 
engineering, is that 75 per cent of the subjects (units) taken must 
be chosen from courses primarily for graduates, that is, more 
advanced in character than those which are required in any under- 
graduate curriculum. The remaining 25 per cent of the work may 
be chosen either from similar courses or from subjects -of senior 
~ grade, that is, those open to both graduates and to undergraduates. 
In other words, the Master’s Degree at the Institute is based chiefly 
on work moré advanced in character than that given to under- 
graduates. A thesis is in all cases required. 





In graduate work the University of New Hampshire specializes 
in Inorganic, Analytical and Organic Chemistry. 
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Prof. W. Lincoln Smith, Head of the Electrical Engineering 
Department at Northeastern University submits the following: 

‘Northeastern has felt that at least for the present it would be 
far better to hold to the programs of undergraduate work. It 
appears that there is ample opportunity available for graduate study 
in other institutions in this vicinity. While we do not offer graduate 
work, a limited amount of special research work is carried on by 
members of the Faculty. Our attention is rather guiding suitable 
men toward research with graduate work under the various corpo- 
rations’ supervising plans.” 


Tufts College submits the following statement: 

“At present Tufts is not equipped to offer graduate work in 
engineering but there is a possibility that developments in research 
carried on here may lead to an opportunity for some graduate 
courses. 

“T believe it better for any student to change to another insti- 
tution after four years under one faculty, and that it is profitable to 
do graduate work at those institutions which have the greatest 
resources for such work.” 


At Worcester Polytechnic Institute, graduate students taking 
undergraduate work often prefer to be listed as undergraduates 
when working for B.S. degrees. All thirteen graduate students 
already have the B.S. degree. 


Yale specializes in graduate work as follows: 

“In Civil Engineering—structural, highways, sanitary engi- 
neering, and hydraulics. 

“In Mechanical Engineering—Thermodynamics, power engi- 
neering, particularly under the latter, steam and internal combustion 
engines, automotive, marine power, machine design. 

“In Electrical Engineering—power transmission, machinery, 
communication. 

“In Industrial Engineering—personnel and industrial relations. 

“In Metallurgy—Physical metallurgy. 

“In Chemical Engineering—applications of physical chemistry 
to industrial problems.” 





CONCLUSIONS 


It would seem therefore that since both teaching and industry 
require engineers in increasing numbers, who need broader and more 
thorough training than is possible in an undergraduate program, 
graduate work in engineering schools is certain to assume greater 
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and greater importance. As the Engineering Schools in New 
England are at least on a par with those elsewhere in the country as 
regards the quality of graduate work which they offer, and the 
proportion of graduate students is approximately three and one- 
quarter times as large as in the country as a whole, it would appear 
that the New England schools should assume leadership in strength- 
ening their graduate departments and in encouraging and aiding 
promising undergraduates to continue with graduate work. 


Discussion BY Dean H. E. Cuiirrorp 


Professor Dawes has presented an admirable paper, brief and yet 
comprehensive. With his point of view I am in hearty agreement. 
For a number of years past many of us in the teaching profession 
have realized the ever-increasing difficulty of preparing adequately 
our students to meet effectively the complex situation which con- 
fronts them on graduation. The enormous growth which has taken 
place in those fundamental sciences on which engineering rests has 
called for either omitting what many of us regard as essential parts 
of the field of science in which engineering students should be 
trained or else what is much worse a lack of thoroughness resulting 
from the attempt to include the entire field. 

More and more it becomes clear that the standard time of four 
years is inadequate for the proper préparation of engineering 
students to practice their profession. The tradition of the four year 
program is much like that of the five cent fare. It is a tradition 
from which it seems extremely difficult to depart. But just as the 
five cent fare has been superseded finally, so will the four year 
program be superseded when our educators exhibit the courage of 
their convictions. 

To achieve success in satisfying measure, an engineer must 
possess both technical ability and the attainments of a broadly 
educated man. The professional study of engineering is necessarily 
concentrated, intense, and in part highly specialized. For this 
reason alone it should be preceded by preparation designed not only 
to train the student in mathematics and those sciences specifically 
required as a basis for technical instruction, but also to give him an 
adequate cultural background before he devotes himself exclusively 
to his professional education. The preparation afforded by a 
program of study leading to a bachelor’s degree meets these needs 
if the subjects have been wisely chosen. Consequently the A.B. 
or S.B. degree will in time, and I believe in no distant time, be set as 
a general requirement for enrollment in professional schools con- 
ducted on a graduate basis. In saying this I am not unmindful of 
the fact that there will always be the exceptional student who will 
be given the exceptional opportunity. 
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It is my belief that many students, who as undergraduates obtain 
their training for the engineering profession, lose much of the 
happiness and joy of college life which is almost the right of a 
student of undergraduate age. The constant pressure to get work 
done, the excessive amount of laboratory work, the drudgery, all 
tend to make a man look upon these years as a chore of life, whereas 
they should be among the happiest in a man’s whole life. By 
increasing the time beyond the four year period for the preparation 
for active practice of his profession, the average student will get a 
background which will enable him to much better adapt himself to 
an environment and that ability is in general sadly lacking among 
scientific men. I believe that such subjects as history, language, 
literature, economics will all help him to remove this lack, a lack 
which is greatly to his detriment. As new fields of engineering 
develop they take the practicing engineer into regions and into 
human contacts that are entirely strange. Today the engineer 
often becomes a man of affairs, a business executive, a diplomat, a 
politician, an envoy to foreign countries, a molder of public opinion. 
He has need for the broadest education and sooner or later our 
engineering colleges must recognize this fact. And sooner or later 
also our students of engineering will recognize it and are going to get 
this broad training in those engineering schools which rest their 
intensive technical preparation for engineering practice on the 
advantages to be obtained in the A.B. degree. 

Naturally it will not be possible and perhaps not desirable that 
all our engineering colleges should réquire a bachelor’s degree for 
admission. It will be quite impossible for those institutions which 
are dependent upon tuition fees to take this position; but where the 
institution is well endowed, I believe it would be a great step 
forward in the educational development of this country if there 
could be established in various parts of the United States at least a 
few engineering colleges which are conducted on a strictly graduate 
basis. 

Hermon L. Slobin: “I believe that if an institution be truly a 
university, it is absolutely necessary for the good of the under- 
graduate colleges that the faculty should have a mastery of their 
subjects, and resources far beyond the knowledge of texts. The 
mastery of subjects can be achieved best by preparing to give ad- 
vanced courses and undertaking investigations. In general, the 
existence of graduate work—or a Graduate School—small though 
it be—serves notice to the faculty, and hence to the students, that 
the university demands growth and achievement, and I am certain 
that its existence will have a salutary effect in maintaining a higher 
standard in the undergraduate colleges. _ 

“T see no reason why the superior students should not be 
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encouraged, or even subsidized by scholarships, so that they may 
avail themselves of graduate instruction. I do not see why we 
should not devote at least a portion of our institutional interests on 
behalf of the superior students, upon whom, ultimately, is dependent 
the advancement of our civilization. 

“It is my belief that no department can possibly render its best 
service in the undergraduate colleges if it has not the qualifications 
to meet the needs for at least the Master’s Degree in the Graduate 
School. I grant that the work for the doctorate should be offered 
only by those departments and those institutions that can make a 
contribution of sufficient value and importance truly to merit the 
advanced degree.” 

R. R. Marsden: ‘‘The analysis of graduate work in the New 
England Colleges by Professor Dawes is a real and definite contri- 
bution to the Society and we are all indebted to him for the thought- 
ful consideration which he has given to its preparation. 

“Tn view of the fact that Dartmouth is the only institution, aside 
from the coédperative schools, where the first degree in engineering 
requires more than four years, the following comments may not be 
amiss. 

“Thayer School was founded by General Thayer, himself an 
honor student in the classics at Dartmouth, and later Superin- 
tendent of West Point. His ideal was for a professional school 
based upon a course in college as broad as possible in order to fit its 
graduates to be worthy members of a profession as noble and honor- 
able as any in the world. Some twenty years later President 
Tucker announced the broad policy in his statement, ‘It is always 
and everywhere the function of the College to give liberal education, 
beyond which and out of which the process of specialization may go 
in any direction and to any extent. The College must continually 
adjust itself to make proper connection with every kind of specialized 
work, not to do it.’ Still later, President Hopkins said: ‘The 
policy of the Thayer School of Civil Engineering is based upon the 
theory that the purpose of an education is to give a man breadth 
and depth in his knowledge. In the field of Civil Engineering, 
therefore, the educated engineer, under the policy of the School, 
must first of all have acquired the general culture which it is the 
purpose of a College education to give, and must then have super- 
imposed upon this, specialized knowledge in regard to the scope of 
the field of engineering and the various facts which have to do with 
basic principles essential to a Civil Engineer. In other words, it is 
the purpose of the School to give to the College educated man 
knowledge of the fundamental theory and practice of engineering, 
but at the same time to induce him to see the relationship of engi- 


neering to life as a whole.’ 
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“Tn pursuance of these policies the following program was 
developed. Two years’ work in strictly engineering subjects follows 
the satisfactory completion of a three year course in College, 
during which time the fundamental preparatory subjects are cleared 
up together with a considerable amount of work in the so-called 
cultural studies. Parenthetically, I should like to voice a definite 
and decided objection to the too prevalent idea that scientific and 
engineering subjects have no cultural value. If on the completion 
of three years of satisfactory work the student is admitted to the 
Thayer School of Civil Engineering, at the end of the fourth year 
he is awarded a Bachelor’s degree from Dartmouth College. Upon 
the satisfactory completion of the work of the fifth year he is 
awarded the degree of Civil Engineer. 

“There are very definite advantages to us in such a program. 
For one thing the problem of elimination does not occur as applicants 
are required to have maintained better than average grades during 
the preliminary three years. Another effect of this requirement is 
to reduce the number of admissions so that small classes have 
resulted. 

“During the earlier years of the School six years were required to 
obtain the engineering degree but for the past forty years it has been 
possible to complete the required work in five years. 

“Our complete agreement with the conclusions reached by 
Professor Dawes is indicated by the fact that for such men as 
propose to enter the teaching profession and for those who wish to 
specialize, we urge graduate work at some institution properly 
qualified both as to faculty and facilities.” 


Artuur E. Norton: As a supplement to Professor Dawes’s 
paper, I would call attention to the importance of graduate work in 
so-called ‘“‘ Applied Mechanics,” a subject which underlies the whole 
problem of more rational mechanical design of machines and struc- 
tures. In order to make clear what I have in mind, I will list briefly 
some of the topics which come under this heading: 


(1) Dynamics of Rigid Body during Acceleration. 
(2) Theory of Mechanical Vibrations. 

. Balancing of reciprocating engines. 
Torsional vibrations of shafts. 

Critical speed of shafts. 

. Effect of vibrations on foundations. 
Noise prevention. 
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(3) Elasticity. 
a. Combined stresses on oblique planes of crank shafts. 
b. Thick cylinders and self hooping of guns. 
c. Stresses in high speed rotors due to centrifugal force. 
d. Stress concentration around holes, slots, and fillets. 
(4) Hydrodynamics. 
a. Design and lubrication of bearings. 
b. Long pipe lines for transmission of oil or other fluids. 
c. Centrifugal pumps. 
(5) Aerodynamics. 
a. Aeronautic problems. 
b. Ventilation of generators. 
c. Fans and blowers. 


These subjects are forced upon us because of the ever-increasing 
size, speed and precision of machines. The purchaser wants more 
power in less space, and demands quiet operation as well as efficiency. 
This tendency is not confined to mechanical engineering but is one 
of the major features in the electrical industry. An engineer of one 
of the large electrical companies has recently said that ‘‘nearly 90 
per cent of the field trouble in electrical apparatus is mechanical in 


‘ nature. The high cost of material and labor makes these troubles 


intolerable, especially since modern competition renders it impossible 
to charge field development to the customer.” 

We have progressed beyond the time when statics and kinematics 
alone were sufficient for machine design. The consideration of 
elasticity and vibrations has already become a major problem, 
little understood by most designers. The technical literature on 
these subjects has grown to tremendous proportions in Germany and 
England but American mechanical engineers have been interested 
in them only recently, At the present time, however, there is a 
demand by industry for a reasonable number of high-grade American 
engineers with an interest in Applied Mechanics. 

The first concrete evidence of this was in 1921 when Mr. George 
M. Eaton, then Chief Mechanical Engineer of the Westinghouse 
Company, founded the Mechanical Design School of that company 
to meet the deficiency as he saw it. This school has been most 
significant but I will not go into its history in detail, since it has been 
well covered in the proceedings of our Society. However, two 
features of it I wish to emphasize. First, the school was born of 
necessity, due to the scarcity of American technical graduates with 
sufficient interest and fundamental background in mechanics. 
Second, its graduates are not used exclusively in the research laboratory 
but are often drafted off by the power and engineering departments. 
This shows that men with superior analytical training are finding 
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their place in the daily work of industry. Other industries are 
noting the same deficiency and are glad to take Engineering gradu- 
ates who are proficient in this field. 

I agree with Professor Dawes that the undergraduate program is 
so short and the number of fundamental subjects so great that 
graduate work for a few of the best men is the only way to raise the 
standards of engineering education to meet new demands. The 
only question is whether the schools or the industries should under- 
take the burden of this higher training. My answer is that certain 
schools must undertake it at least to the extent of the equivalent of 
the Master’s degree, except in topics which are highly specialized. 

The field of Applied Mechanics is not too specialized but is basic 
for many branches of research and design. It gives good general 
training in differential equations, periodic functions, graphical 
integration, boundary constants and other mathematical technique 
which are used in all branches of science and engineering. It offers 
many illustrations of unique applications of physics; for example, 
the use of polarized light and soap films for study of secondary 
stresses. It requires reading the classical writers on physics to give 
a picture of the historical development of the physical sciences and 
to provide a background for facing new problems. 

Even though some industries can train their own men in this 
subject, it is to their own interest in the long run to foster it in the 
schools because it is there that the young men first learn that they 
have some analytical ability and find out what their tastes and 
desires are. Further, it is in the long run safer for the student to 
get some start on his advanced work before committing himself to 
the specialized work of one company. 

Our New England group will perhaps be interested to learn that 
the Harvard Engineering School has begun to meet this situation by 
offering a course on “ Vibration Problems in Engineering.” This 
subject is taught mainly by two visiting lecturers, Mr. J. Ormon- 
droyd of the Westinghouise Company, manager of their experimental 
division and their consultant in the development of the Diesel engine 
as applied to Diesel-electric locomotives, and Mr. A. L. Kimball of 
the General Electric Company, an authority on vibration damping. 
The interest of the students exceeds our expectations. 

We are also giving an advanced course in ‘‘ Hydrodynamics as 
applied to Lubrication and Bearings,” and another on “Stresses in 
High Speed Rotors.” 

To this group of New England teachers I suggest that you watch 
for students with analytical ability and inform them of the oppor- 
tunities of further study and of ultimate pleasurable employment in 
this field of Applied Mechanics which lies at the very center of the 
engineering profession. Tell them that the designing engineer is 
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not a pencil pusher on the drafting board, but that he visits the 
laboratory and shop and is likely to be sent out over the country on 
unusual errands of investigation or advice. 

As Professor Dawes points ouf, the engineering schools of New 
England have as the major job the training of boys as under- 
graduates, and have done much in the last few years to make our 
graduates better all around men. If we have failed at all, it would 
seem to me that we have not done as much as we could to select the 
exceptional boy and stimulate him to go into more advanced work. 
Certainly the field of Applied Mechanics and Engineering Design 
at the present time holds many attractions for the capable young 
mechanical engineer. 

H. P. Hammond: “The four-year undergraduate curriculum is 
pretty firmly established as the norm in engineering colleges. While 
there are a few notable exceptions, this practice is nearly universal, 
and the indications are that it will so continue for some time to 
come. That being the case, the rapidly increasing demand of 
industry and practice for a proportion of engineering graduates with 
a more extended training, particularly in the fundamental sciences, 
seems to point definitely to the need of more extensive provisions 
for graduate work in our schools. The increase in attention devoted 
to graduate work is in fact one of the pronounced trends in engi- 
neering education at present, as Professor Dawes’ paper admirably 
points out. From 1925 to 1930 the number of graduate students of 
engineering has practically doubled, and at present about one 
student in each five or six who receives his undergraduate degree 
pursues advanced academic work in one way or another. 

“‘One of the most interesting developments in this connection has 
been the institution at a number of colleges of programs of part-time 
graduate instruction. The University of Pittsburgh, the University 
of Pennsylvania, Massachusetts Institute of Technology, Union 
College, and the Polytechnic Institute of Brooklyn, are among the 
institutions that have recently entered this field of work. The 
aggregate enrollment of part-time graduate students in these 
schools is approximately 900, or a very considerable fraction of all 
of the graduate students of engineering of the country. The 
programs offered differ somewhat, and time does not permit of more 
than a brief discussion of one of them—that with which I am most 
familiar—the evening school work of the Brooklyn Polytechnic 
Institute. 

“A limited amount of graduate work in engineering has been 
offered at the Polytechnic for a number of years, but three years ago 
the courses offered were considerably increased and are now pro- 
vided in all of the major departments. The first year that the 
present program was instituted, 125 students registered for the 
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work. Last year there were 180, and this year 250 to date. Ap- 
parently the number of students who would pursue such courses is 
limited only by our ability to provide teachers and facilities. 
Graduation from a recognized engineering college whose under- 
graduate program is substantially equivalent to our own is insisted 
upon for admission. Further, a probationary period of at least a 
semester must elapse before the student is formally accepted as a 
candidate for an advanced degree. Tuition charges are fixed by 
courses, the total fee for the master’s degree being the same as in 
our undergraduate curriculum, namely, $360, for the equivalent 
of a full year of residence work. Thirty semester hours, including a 
thesis, are required for the master’s degree. As a rule, it will 
require three years of work to secure this degree and a good many 
students plan their programs for a period of four, or even five years. 
It is a rare exception that a man can secure the master’s degree in 
two years in the evening. The programs of study are quite flexible 
and the student is given considerable choice in the field of work he 
proposes to follow. There is a strong tendency for the election of 
the more scientific types of studies. 

“Graduate students at the Polytechnic received their first 
degrees from fifty-seven different institutions, of which eight are 
foreign institutions. The report of our Dean of Graduate Study 
states that 31 per cent of the students have been out of college five 
years or more. A very large number of industries are represented 
in the graduate student body, the communications companies 
accounting for 35, and the electric light and power companies for 
49 students. 

“The graduate work is carried for the most part by the members 
of our regular faculty but a number of lecturers are engaged on a 
part-time basis. We also have one visiting professor in the person 
of Ernst Weber, of the Technical Institute of Charlottenberg, 
Berlin. Professor Karapetoff, of Cornell, also gives us a certain 
amount of his time. One course we have offered this year for the 
first time may be of some interest—namely, that in bridge engi- 
neering. This course is given only to graduates who have pursued 
a course in advanced structures, and is intended primarily for men 
engaged in bridge engineering work. The lectures are delivered by a 
group of eleven experts in various fields, including such men as Drs. 
D. B. Steinman, C. W. Hudson, J. A. L. Waddell, Messrs., Alston 
Dana, O. E. Hovey, Charles F. Goodrich, and others. 

“The establishment of this graduate program in New York City 
seems to meet a definite need among graduates who, while engaged 
in their regular professional. work, desire to secure advanced study 
chiefly of a scientific nature.” 











THE 1931 SESSIONS OF THE SUMMER SCHOOL FOR 
ENGINEERING TEACHERS 


By H. P. HAMMOND 
Director of Summer Schools 


For the general information of the Society membership there are 
printed on the following pages the staff lists and programs of the 
two sessions of the Summer School that will be held during the 
coming summer. Other points of general information are also 
given, chiefly for those who may be planning to attend. 


THE SESSION ON CHEMICAL ENGINEERING 


As previously announced, this session will be held at the Uni- 
versity of Michigan beginning Monday, June 22. This opening 
date will permit those who attend the annual meeting of the Society 
at Purdue to go directly from that meeting to the summer session at 
Ann Arbor. The formal session of the school will close on July 9. 
It will be followed by a conference on July 10 and 11, under the 
auspices of the American Institute of Chemical Engineers, on phases 
of chemical engineering education other than those considered at 
the Summer School. On July 13, 14 and 15 the Summer School 
group will move to Pittsburgh for the inspection of research and 
industrial organizations. While at Pittsburgh the headquarters of 
the School will be at the Mellon Institute of Industrial Research, 
where opportunity will be given for the study of methods of con- 
ducting chemical engineering research enterprises. A number of 
visits of inspection will also be made to representative industries of 
the Pittsburgh district. 

The headquarters of the Summer School at the University of 
Michigan will be at the East Engineering Building. The group will 
live in the Mosher-Jordan Residence Hall. This is a new and 
beautiful dormitory building within walking distance of the engi- 
neering buildings. 

The expenses of attendance include the usual registration fee of 
$10, and a charge of $42.50 for room and meals for the entire period 
of the stay at Ann Arbor, from June 22 to July 11, inclusive Those 
remaining at the University for less than the entire period of the 
session may secure room and meals at the rate of $2.50 per day. 
The expenses of the inspection trip to Pittsburgh, which will be 
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optional for those attending, will be in addition to those already 


mentioned. 
As in past sessions, definite provision will be made for recreation 
. during leisure hours. The University and Ann Arbor and its 
vicinity provide excellent facilities for golf, tennis and other sports. 
There are also many summer resorts within easy motoring distance. 


STAFF OF THE SESSION ON CHEMICAL ENGINEERING 


Locat Director oF THE Session: A. H. White, Professor of Chemical Engineer- 
ing, University of Michigan 

Secretary: W. L. McCabe, Assistant Professor of Chemical Engineering, Uni- 
versity of Michigan 

W. L. Badger, Professor of Chemical Engineering, University of Michigan 

W. L. Beuschlein, Assistant Professor of Chemical Engineering, University of 
Washington 

G. A. Bole, Research Professor of Ceramic Engineering, The Ohio State University 

Charles O. Brown, Vice-President, Chemical Engineering Corporation 

George Granger Brown, Professor of Chemical Engineering, University of 
Michigan 

R. K. Brédie, Director of Manufacture and Technical Research, The Procter & 
Gamble Company 

W. W. Buffum, Director, Chemical Foundation, Inc. 

Lawrence V. Burton, Editor, “Food Industries,” McGraw-Hill Publishing Com- 


pany 

Harry A. Curtis, Professor of Chemical Engineering, Yale University 

Albert W. Davison, Professor of Chemical Engineering, Rensselaer Polytechnic 
Institute 

Barnett F. Dodge, Associate Professor of Chemiesi Engineering, Yale University 

John VanNostrand Dorr, President, The Dorr Company, Inc. 

C. C. Furnas, Physical Chemist, U. S. Bureau of Mines 

Arthur W. Hixson, Professor of Chemical Engineering, Columbia University 

Ralph A. Hayward, Vice-President and General Manager, Kalamazoo Vegetable 
Parchment Company 

Hoyt C. Hottel, Assistant Professor of Fuel and Gas Engineering, Massachusetts 
Institute of Technology 

Zay Jeffries, Consulting Metallurgist, Aluminum Company of America 

Sidney D. Kirkpatrick, Editor, Chemical & Metallurgical Engineering, McGraw- 
Hill Publishing Company 

Warren Kendall Lewis, Professor of Chemical Engineering, Massachusetts In- 
stitute of Technology 

William H. McAdams, Professor of Chemical Engineering, Massachusetts In- 
stitute of Technology 

G. H. Montillon Associate Professor of Chemical Engineering, University of 
Minnesota 

George Oenslager, Research Chemist, The B. F. Goodrich Company 

H. L. Olin, Professor of Chemical Engineering, University of Iowa 

John C. Olsen, Professor of Chemical Engineering, Polytechnic Institute of 
Brooklyn; President, American Institute of Chemical Engineers 

Clifford E. Paige, President, The American Gas Association; President, Brooklyn 
Gas Company 

L. V. Redman, Director of Research and Development, and Vice-President, 

Bakelite Corporation 
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E. S. Rothrock, Assistant Manager, Texas Chemical Company and Louisiana 
Chemical Company, Inc. 

E. C. Sullivan, Vice Chairman, Corning Glass Works 

O. R. Sweeney, Professor of Chemical Engineering, Iowa State College 

R. 8. Tour, Professor of Chemical Engineering, University of Cincinnati 

Robert E. Wilson, Assistant to the Vice-President, Head of Development and 
Patent Department, Standard Oil Company (Indiana) 

James R. Withrow, Professor of Chemical Engineering, The Ohio State University 


2:00— 


4:00 P.M. 


8:00- 


10:00 A.M. 
10:00 A.M. 


2:00 P.M. 
7:30 P.M. 
8:15 A.M. 


10:00 A.M. 
1:30 P.M. 


2:30 P.M. 


8:15 A.M. 
10:00 A.M. 
1:30 P.M. 


2:15 P.M. 


8:15 A.M. 
10:00 A.M. 
Afternoon 


PROGRAM 


MONDAY, JUNE 22 


Registration 
TUESDAY, JUNE 23 

Registration 
eens 2 canis 0s eae sds wHY President, A. H. Ruthven 
WE Rao ais hea 8 Bais aini'y op + Rass e ORME. « H. P. Hammond 
The purpose and Function of Chemical e 

Bimemeerine TSGUORGIOR. ee eee te ce eae A. H. White 
The Chemical Engineering Curriculum.............H. A. Curtis 
Smoker 


WEDNESDAY, JUNE 24 
The Place of Unit Operations in a Chem- 


ical Engineering Curriculum....................- W. K. Lewis 
The Witrowem Sitabionis... oo... ests cece ccc casees H. A. Curtis 
The Place of Laboratory Work in a 

Chemical Engineering Curriculum............... W. L. Badger 


Inspection of Laboratories 
THURSDAY, JUNE 25 


NR is Fi clos % BOSSE Sc sins Lies W. K. Lewis 
NG NN Sic 5 Sac gklen ak wens easaw tsk R. E. Wilson 
Historical Development of Chemical 
PIOUS CIR, oa SOUR cMiddtd <0 se waes W. L. Badger 
FRIDAY, JUNE 26 
Fiuid Flow and Fluid Measurement.................. R. 8S. Tour 
ME MI ios ores See hat Vas des ViNde sce ees Zay Jeffries 
Discussion of Laboratory Experiment 
on Fluid Flow..... 86 EEL tie os hyn iA RRO pe pe H. L. Olin 
Discussion of Laboratory Experiment on 
MI Sacha Pe cat te eas ose seceg oe viele ae J. R. Withrow 
SATURDAY, JUNE 27 
Heat Flow, General, Except Radiation................ J. C. Olsen 
Developments in Gas Engineering................. Clifford Paige 
Recreation 

















2:15 P.M. 


10:00 A.M. 
1:30 P.M. 


8:15 A.M. 
10:00 A.M. 
1:30 P.M. 


2:15 P.M. 


8:15 A.M. 
10-00 A.M. 
1:30 P.M. 








8:15 A.M. 
10:00 A.M. 
1:30 P.M. 


8:15 A.M. 
10:00 A.M. 


1:30 P.M. 


8:15 A.M. 
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MONDAY, JUNE 29 


Gas Almunia oo 6. is ee td W. H. McAdams 
Recent Developments in Plastics.................. L. V. Redman 
Discussion of Laboratory Experiment on 

Heat Meacham. 2530055 a8 CAL BR tae. O. R. Sweeney 
Discussion of Laboratory Experiment on 

iat IIR 55.0.0: bs big ois oh de ens see W. L. Beuschlein 

TUESDAY, JUNE 30 

PME i whi aed oi a eee cs trp ka yee neem W. H. McAdams 
The Work of the Chemical Foundation............ W. W. Buffum 
Contact Sulphuric Acid... 0000. ce ee ot E. 8. Rothrock 


WEDNESDAY, JULY 1 
All day trip to Ford Motor Company 


THURSDAY, JULY 2 


I i is 5 vii end esas barre Anat wee W. L. Badger 
Developments in Rubber Technology.......... George Oenslager 
Discussion of Laboratory Experiment on 

eS SESE ES US bee eee Ee ek. A. W. Hixson 
Discussion of Laboratory Experiment on 

BE args iss bs ec hanes s to Sew sanias d- h 8 G. H. Montillon 

FRIDAY, JULY 3 

Pn a eam earee peur cE publ Rents nar pana J. V. N. Door 
Modern Developments in the Soap and 

|| Ea let lay Ronde ied a gw ata EM si end R. K. Brodie 
Development in the Paper Industry........... Ralph A. Hayward 


SATURDAY, JULY 4 
Recreation 

MONDAY, JULY 6 
Thermodynamic Attack on Chemical 


Tinemneerind Prem. fo. se FO EN a B. F. Dodge 
Developments in Refractories.................+0.05: G. A. Bole 
Technology of High Pressure Reactions.............. C. O. Brown 

TUESDAY, JULY 7 
CRN 5s oe os hak: eyes eee oe spend G. G. Brown 
EER e Re ORD er eee ane E. C. Sullivan 
Discussion of Laboratory Experiment 

ME UN 8 ooo ocx Shi hpi pas x n'a wee es A, W. Davison 
Discussion of Laboratory Experiment 

Oth TOON TNT GS «ce ctaic tm ott oir grnietsa'§ “seis G. G. Brown 

WEDNESDAY, JULY 8 
Radiation and High Temperature Heat Flow......... H. C. Hottel 
Price Trends in the Chemical Industries........ 8. D. Kirkpatrick 


Discussion of Methods of Teaching Unit 
Operations in Class 
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THURSDAY, JULY 9 
8:15 A.M. Flow of Heat to Solids........................... C. C. Furnas 
10:00 A.M. Recent Developments in the Food Industries........ L. V. Burton 
1:30 P.M. Discussion of Methods of Teaching Unit 
Operations in the Laboratory 
7:00 P.M. Banquet 


THe SEession ON MATHEMATICS 


This session will be held at the University of Minnesota, Minne- 
apolis, from August 24 to September 5, inclusive. This period was 
chosen so that members attending the Summer School may stay 
over for the meetings of the American Mathematical Society and the 
Mathematical Association of America, which will be held at the 
University of Minnesota beginning September 7. 

The expenses of attending the mathematics session, aside from 
the cost of travel, will include the registration fee of $10 and a 
charge of $35 for room and meals for the entire period of the session. 
Those who desire to remain for the mathematical societies’ meetings 
may arrange to occupy the same quarters at a charge of $3 per day. 
The Summer School group will be housed in Sanford Hall, one of the 
dormitories of the University that provides excellent facilities. 

Minneapolis provides unusual opportunities for recreation. Pro- 
vision is made for various sports, including golf, tennis, volley ball 
and swimming. Minneapolis is in the famous lakes region of Minne- 
sota and there are many lakes and bathing beaches within the limits 
of the city itself. Within easy motoring distance are numerous 
other lakes and resorts. 


STAFF OF THE SESSION ON MATHEMATICS 


LocaL DrrecTor OF THE Sgssion: O. M. Leland, Dean, College of Engineering 
and Architecture, and the School of Chemistry, University of Minnesota 
Secretary: C. A. Herrick, Associate Professor of Mathematics and Mechanics, 

College of Engineering and Architecture, University of Minnesota 
Raymond Clare Archibald, Professor of Mathematics, Brown University 
William J. Berry, Professor of Mathematics, Polytechnic Institute of Brooklyn 
W. E. Brooke, Professor of Mathematics and Mechanics, University of Minnesota 
Thornton C. Fry, Mathematical Research Engineer, Bell Telephone Laboratories 
Melvin E. Hagerty, Dean, College of Education, Professor of Educational Psy- 

chology, University of Minnesota 
E. R. Hedrick, Professor of Mathematics, University of California at Los Angeles 
Edward V. Hungtington, Professor of Mechanics, Harvard University 
Dunham Jackson, Professor of Mathematics, University of Minnesota 
Charles N. Moore, Professor of Mathematics, University of Cincinnati 
Louis O’Shaughnessy, Professor of Applied Mathematics, Virginia Polytechnic 

Institute 
Leigh Page, Professor of Mathematical Physics, Yale University 
Henry L. Rietz, Professor of Mathematics, University of Iowa 
Charles S. Slichter, Dean, Graduate School, Professor of Applied Mathematics, 

University of Wisconsin 
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Warren Weaver, Professor of Mathematics, University of Wisconsin 
John W. Young, Professor of Mathematics, Dartmouth College 


PROGRAM 
MONDAY, AUGUST 24 

8:30- 
11:00 A.M. Registration : 
ie Pe ae ak eer ret Py eerrorr rr O. M. Leland 

WN 5 a5 SEI CRS, SER H. P. Hammond 
1:30 P.M. The Learning Process... .............cc ccc eevee F. T. Spaulding 
SOO P.M... Tolan, FOR GF ones os sscisinre ovine sow oS E. R. Hedrick 
7:30 P.M. Smoker—Address by.................. President L. D. Coffman 


TUESDAY, AUGUST 25 


8:30 A.M. Making Learning Permanent................... F. T. Spaulding 
Sete AON. “T's hoe te eet eck segues icres L. O’Shaughnessy 
1:30 P.M. Mathematical Aspects of the Theory of 
N.S 5S ik. ELS Ios Fee pea een 8S. Timoshenko 
WEDNESDAY, AUGUST 26 
8:30 A.M. Teaching the Fundamentals of Trigonometry....... E. R. Hedrick 


10:15 A.M. Mathematical Aspects of the Theory of 


RS eo ee on ka. oe wae S. Timoshenko 


Afternoon Recreation 


THURSDAY, AUGUST 27 


8:30 A.M. The Teacher in the Classroom................... F. T. Spaulding 

WAG A.M. Dinpupslok, MED ooo 5. iss AS L. O’Shaughnessy 

1:30 P.M. Representation of Functions by Series.......... Dunham Jackson 
FRIDAY, AUGUST 28 

8:30 A.M. Diagnosis of Students’ Difficulties................ F. T. Spaulding 

10:15 A.M. College Algebra—Course Content.................. W. E. Brooke 

1:30 P.M. College Algebra—Teaching Problems............... W. E. Brooke 


SATURDAY, AUGUST 29 


8:30 A.M. Coérdination of Mathematics with Re- 
lated Engineering Subjects 


A SION DIE chs Secsieec odin dies peak on 4 O. M. Leland 
10:15 ALM. Mathematics of Statistics..................0000000: H. L. Rietz 


MONDAY, AUGUST 31 


8:30 A.M. Analytic Geometry—Course Content................ W. J. Berry 
10:15 A.M. Analytic Geometry—Teaching Problems............. W. J. Berry 


1:30 P.M. History of Mathematics before the 
Seventeenth Century.................200000- 





F. T. Spaulding, Associate Professor of Education, Harvard University 
S. Timoshenko, Professor of Engineering Mechanics, University of Michigan 
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TUESDAY, SEPTEMBER 1 
8:30 A.M. History of Mathematics after the Six- 


do oi inn co vice Kostas soa tases R. C. Archibald 
10:15 A.M. Differential Calculus—Course Content.......... E. V. Huntington 
1:30 P.M. Differential Calculus—Teaching the Na- 
ture of the Derivative...................... E. V. Huntington 
3:00 P.M. Differential Equations—Course Content 
for Engineering Students..................... Warren Weaver 


WEDNESDAY, SEPTEMBER 2 


8:30 A.M. Integral Calculus—Course Content............. E. V. Huntington 
10:15 A.M. Integral Calculus—Teaching Problems.......... E. V. Huntington 
Afternoon Recreation 


THURSDAY, SEPTEMBER 3 


8:30 A.M. The Problem of the Size of Class Sections......... M. E. Haggerty 
10:15 A.M. The Problem of Adjustment between 

College and High School Mathematics............ J. W. Young 

RI, TE hid i KAS endian ho bed a0 gs L. O’Shaughnessy 

1:30 P.M. Conformal Mapping...................esee08 Warren Weaver 

FRIDAY, SEPTEMBER 4 

8:30 A.M. Combined vs. Unit Courses in Mathematics. ........J. W. Young 
10:15 A.M. Mathematical Foundations of Electric 

SIE III 6 ec og cv tala cies «ose pane po dikh oviend T. C. Fry 

1:30 P.M. Summability of Series....................4.- Charles N. Moore 

SATURDAY, SEPTEMBER 5 
ae BOG. : Ties a8 a ie eas ois hs co ewe inte Leigh Page 
10:15 A.M. Self-Development of the Teacher of , 
SS EE, SOLS ANT OS Pe OTE eT C. S. Slichter 
ENROLMENT 


At the time of writing (April 24) there are over 50 teachers 
registered for the two sessions and additional applications are 
coming in rapidly. It is evident that the attendance at the two 
sessions will be as good as in former years. Applications for 
admission to either session may be simply in the form of a letter 
stating the desire to attend, the academic title, and the institute of 
the applicant. This should be sent to the Director of the S. P. E. E. 
Summer Schools, 99 Livingston Street, Brooklyn, N. Y. 
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ENGINEERING AND SCIENCE * 


By IRVING A. PALMER 
Professor of Metallurgy, Colorado School of Mines 


The word engineer is derived from an old Latin root which means 
to produce, to create. The word scientist, which is also of Latin 
origin, comes from a word which means to know. In the etymology 
of these terms is to be found, I think, the basic difference between 
the calling of the engineer and that of the scientist. The engineer 
is a builder, a man who assembles the raw materials and forces found 
in nature and so fashions and controls them as to make them useful 
to society. The scientist knows a great deal about some at least of 
these materials and forces, but does not necessarily make any 
practical use of his knowledge. 

Let me say at the beginning that I am in no sense attempting to 
disparage the work of the scientist. The object of this paper is 
simply to point out the essential differences between engineering and 
science, and to suggest some of the things that, presumably, should 
be included in the training of an engineer. 

As everyone knows, there are no two human beings who are 
exactly alike. Every individual is different from every other 
individual, in appearance, physical strength, mental ability and 
tastes. These characteristics are largely the products of heredity 
and environment. The careers of most men and women are 
controlled in great measure by these impulses; they do things and 
they express likes and dislikes because of an inward, partly sub- 
conscious urge. 

Among the traits implanted in certain persons is what we call 
scientific curiosity—the desire to know about nature and the laws 
which govern its various phenomena. If the one who possesses 
these desires has the opportunity of gratifying them, and if he has 
the necessary industry, he becomes a scientist. If his thirst for 
knowledge is unusually keen, he will wish to scrutinize every detail 
of that which he investigates. And because of the tremendous 
area now included in the field of science, and because his tastes 
impel him to prefer one particular subject to any of the others, he 
becomes a specialist. He devotes his time to learning as much as 
possible about one branch of science. He may become so absorbed 


* Presented at Meeting of the Colorado School of Mines Branch of the 
8. P. E. E., November 12, 1930. 
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in his investigations in his own particular line that he will almost 
entirely neglect the others. He may disregard or even scorn any 
suggestion that his researches might have a monetary value. I 
like the story of the scientist who was showing a party of friends 
through his laboratory. After explaining, with a great deal of 
pride, the nature of one of his long continued investigations he made 
the following remark: ‘‘Thank God, so far as I know, no one will 
ever be able to make any practical use of the results of these experi- 
ments.” That, of course, is the scientific spirit raised to the nth 
power. Louis Agassiz, the famous zodélogist of Harvard, once 
declined an opportunity to turn his learning to commercial advan- 
tage by saying that he had no time to make money. Ernst Haeckel, 
the great German scientist, devoted years of patient research to the 
minute examination of more than six thousand different specimens 
of deep sea life, for the purpose of proving or disproving, I do not 
remember which, certain phases of the theory of evolution. 

The common criticism of the pure scientist that he is not 
practical is, therefore, beside the point, for in most cases he is not 
particularly concerned about that feature of his work at all. And, 
as has been pointed out recently by an American essayist, the 
typical scientist does not consider himself, primarily, a public 
benefactor; that is, in conducting his researches he is not necessarily 
actuated by a spirit of altruism, but simply by the driving power of 
his thirst for knowledge. All other motives are incidental. It 
could be said that, in a sense, he is just as self-seeking as the rest of 
us, because he is merely pursuing that line of endeavor in which he 
finds the greatest happiness. His work gives him pleasure and 
contentment, which he might not have if he tried anything else. 
The average scientist, of course, is a good citizen. He publishes 
freely the results of his investigations, and is greatly pleased when 
they can be used in promoting the welfare of his neighbors. 

What about the engineer? In the first place, he, too, must 
select his calling because he considers himself better fitted for that 
than for any other. If his work is not congenial he cannot hope to 
succeed. In my opinion this is almost the only point that should be 
considered in choosing a vocation. The popular impression that 
some divisions of natural science, and some branches of engineering 
are so much more important than others that students should be 
influenced thereby, is a mistaken one. As a matter of fact, no 
scientist or engineer is warranted in asserting that his particular 
calling is superior to that of anyone else in the same general class. 
The point that should be emphasized is this: It is more creditable to 
be a capable scientist, for example, than to be an inefficient engineer, 
just as it is better to be a good engineer than to be an indifferent 
scientist. 
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A most important distinction between the engineer and the 
scientist is that the former must be practical; that is, he must always 
have in mind’ the idea that whatever knowledge, scientific and 
otherwise, that he possesses must be used first of all in the design 
and construction of material things that society considers desirable. 
He does not pursue knowledge primarily for its own sake, but for 
the uses to which he can put it. He has no scruples as to receiving 
money for his services, and usually takes all he can get. Like the 
scientist, he is not necessarily of an altruistic turn of mind; he builds 
the things that people want. Some of the things may be of doubtful 
value, but that is no concern of his. 

Unlike the scientist, the engineer is not a specialist; that is, he 
does not devote the greater part of his time to the accumulation of 
facts and the development of theories in one particular branch of 
knowledge, regardless of their relation to other branches. He takes 
what he can use from a great variety of sources, scientific and purely 
practical. He need not be an expert in any particular science, for 
instance, but he must know enough about each one of them to 
select what he needs, and then to know how to use what he has 
selected. To put it in the form of an epigram, the scientist knows a 
great deal about one subject, whereas the engineer should be 
moderately familiar with a number of subjects. 

A good example of the relation between science and engineering 
is to be found in the development of the cyanide process for the 
extraction of gold and silver from ores. The various cyanide 
compounds were investigated and described by Gay-Lussac more 
than a hundred years ago. In 1846 the great scientist Michael 
Faraday discovered that metallic gold could be dissolved in a 
solu:ion of potassium cyanide. But neither he nor anyone else at 
that time ever thought of using cyanide in the metallurgy of gold. 
And, had the idea been suggested to Faraday, it is probable that, like 
Agassiz, he would have replied that he had no time to make money. 
It was not until 1887, forty one years later, that three metallurgical 
engineers took out a patent covering the use of cyanide for the 
extraction of gold and silver. The process was put into practical 
operation at a time when it looked as if there might be a scarcity of 
gold. Largely as a result of the use of cyanidation the output of 
gold in the world quadrupled in twenty years. The cyanide process 
probably has had more far reaching consequences than those of any 
other metallurgical development that has taken place in the past 
half century. But without the labors of scientists like Gay-Lussac 
and Faraday the process never would have been heard of, and 
without engineers to put it into practice it never would have ex- 
tracted a single ounce of metal. 

The engineer and the scientist, therefore, are, in a sense, comple- 
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mentary to each other, except that the engineer can never use more 
than a very small part of what any individual scientist has to offer. 
In saying this I am not by any means implying that most scientific 
research has only academic interest. From the long range point of 
view every discovery in pure science may be considered as having 
practical value, although this value may not become apparent until 
many years after the date of the investigation. But at any given 
time the total amount of scientific data available is very much 
greater than the entire engineering profession could possibly put 
into practical application. 

The field of natural science, however, is not the only source of 
material for the engineer. A large part of all engineering practice 
is based upon purely empirical data; that is, upon the results of 
experience. Sometimes there is no sound underlying theory whatso- 
ever. What is often loosely referred to as theory, as exemplified by 
the contents of many textbooks on engineering, on examination will 
be found to consist largely of records of what has been accomplished 
in practice. In such subjects as structural and historical geology, 
ore dressing and pyrometallurgy the developments have taken place 
largely without the aid of working theories, and often in spite of 
them. The flotation of ores, for example, became a great industry, 
involving the outlay of millions of dollars of capital, before there was 
any satisfactory explanation of the fundamental principles of the 
process. J. E. Johnson, Jr., states, in one of his very excellent 
books on the theory and practice of iron smelting, that 99 per cent. 
of what is known about the operation of an iron blast furnace is 
empirical. An exaggeration, no doubt, but probably not far from 
the truth. The first chemist was introduced into the iron and steel 
plants of Pittsburgh less than sixty years ago. Prior to that time 
the metallurgical methods employed were in the control of so-called 
practical men. 

The engineer, therefore, cannot afford to ignore the results of 
experience. In any process that he contemplates using, the sole 
criterion by which he judges it is this, Will it work? If it does work, 
it does not matter to him, so far as results are concerned, whether 
there is a satisfactory explanation of it or not. 

Of course, every engineer wants to know as much as possible in 
regard to the theories of any process that he uses, because the more 
the fundamental principles are understood, the greater the saving in 
time and money by eliminating the wastes of the cut and try method. 
The flotation process, as has been stated, was developed largely 
without the aid of theory. If, however, a satisfactory working 
hypothesis in regard to the causes of flotation had been known from 
the beginning it would have saved millions of dollars. The latter 
represents the money spent for experimental work that otherwise 
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would have been unnecessary; the money spent for useless reagents; 

and the metal losses resulting from the low recoveries. On the 
other hand, if the mining companies had waited for the development 
of a generally accepted theory of flotation, before investing their 
capital in plants using the process, the industry never would have 
gotten started. 

Anothei thing that differentiates the engineer from the scientist 
is that the former is, in a sense, a business man as well as a technical 
man. ‘his of course is implied in what I have already said as to the 
nature of his work. He succeeds in this work only if he can make 
money for the organization or individual that employs him. If his 
criterion of what he designs and builds is, Will it work?, that of his 
employer is, Will it pay? There is no way of getting around this 
fundamental fact. Professor Thomas Eggleston, formerly at the 
Columbia School of Mines, used to define metallurgy as “‘the art of 
extracting money from ores.’”’ I have never seen a better definition. 

Some years ago a young mining engineer was commissioned by a 
New York capitalist to look over a mine in the far West. The 
engineer was talented and ambitious. He spent a long time in 
examining carefully the property and then prepared a very elaborate 
report. He discussed at length the various theories in regard to the 
ore deposits in the district which he visited, using as many technical 
terms as possible; he wanted to impress his employer with the 
profundity of his knowledge. He then took the report back to New 
York and read it to the capitalist in person. When he had finished, 
the business man turned to the engineer and said: ‘‘ Young man, 
your report sounds very interesting and convincing, but it contains a 
great many terms with which I am totally unfamiliar. What I 
want to know is this: In your opinion, would I be justified in putting 
several million dollars of my own money into this proposition?”’ 
The young engineer hesitated a moment and then said, “Yes, I 
think you would.” “That’s all I want to know,” replied the 
capitalist, “Good afternoon.” 

It follows as a matter of course that an engineer should become 
familiar with the principles of economics and with practical business 
methods. Figures collected by the Society for the Promotion of 
Engineering Education show that more than fifty per cent of the 
graduates of technical schools in the United States at some time in 
life rise to executive positions. Those who fill these positions 
successfully know that it is necessary for them to be very much more 
than mere technologists. 

A young graduate of an engineering school once told me that he 
never read a newspaper, and hardly ever looked into a book. He 
said that he had no time for such things. His case reminds me of 
that other young man, of opposite tastes, who boasted to his 
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professor that he read twelve hoursa day. ‘My God!,” replied the 
older man, “when do you do your thinking?’’ Both of these young 
men were lacking in a sense of proportion; they were equally 
unfitted for the profession of engineering, for they could never 
maintain a proper balance between theory and practice. 

Another important distinction between the scientist and the 
engineer is that the former confines his activities largely to dealing 
with inanimate objects and forces. With him, human relations are 
merely incidental. All that he needs in order to be successful are 
industry and a thirst for knowledge. He can be eccentric, con- 
ceited, tactless, selfish, disagreeable, narrow-minded, and utterly 
impractical, and still be efficient in his own particular line. The 
engineer, however, deals not only with things but with human 
beings. Some of his biggest problems are in connection with what 
he calls human engineering. Often he finds it necessary to call upon 
all the tact that he can muster, and if he is conscious of possessing 
any of the minor failings that have just been mentioned he must do 
what he can to hold them in check. As he usually aspires to the 
holding of an executive position, he must learn to know men and to 
know how to handle them. The higher his station becomes the 
more he realizes that for him tact is greater than talent. And, from 
sheer necessity, he must leave more and more of the purely technical 
matters to his subordinates, and devote his own time mainly to 
human and business relations. 

Charles E. Carpenter, the late president of E. F. Houghton & 
Co., and the brilliant editor of the house organ, “‘The Houghton 
Line,’”’ once remarked that every man in his organization drawing a 
salary of twenty thousand dollars a year or more had forgotten all 
that he ever knew about algebra. The implications are obvious. 

Some years ago I was being shown through the great plant of the 
Ingersoll-Rand Company, at Phillipsburg, New Jersey, by one of the 
superintendents. After we had inspected the various manu- 
facturing departments we came to a large well lighted room that had 
the appearance of a laboratory, and in which a number of men were 
working at desks and tables. Pointing to it my guide said, with a 
smile, ‘‘We call this room the ‘nut shop’; it is the place where our 
research men conduct their investigations.” He said little more 
than that, but I understood. 

The men in that laboratory were scientists, working on special 
problems in a field suited to their talents, and in which, presumably, 
they were contented and happy. When their researches were 
completed they turned the results over to the engineers outside, who 
put the new ideas into practice and determined whether or not they 
had any commercial value. The scientists in the research depart- 
ment and the engineers in the plant could not have exchanged places. 
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Each group would have been failures in attempting the duties of 
the other. 

I have devoted so much time to this discussion of definitions 
because there is a widespread misconception as to what engineering 
education really means. Even in technical schools there are 
experienced teachers who do not seem to understand. They conduct 
their classes in almost the same way as they would if they were 
teaching in a college of pure science or liberal arts. 

The first thing that an instructor in an engineering school 
should realize is that the institution is attempting to steer the 
middle course between the pure science and liberal arts schools on 
the one hand, and the trade schools and business colleges on the 
other. He must be willing and eager to draw his material from a 
great many sources, without becoming obsessed by the importance 
of any one of them. The primary purpose of a technical school is 
not to turn out scientists, scholars, research men, teachers, me- 
chanics or business men, but engineers. Consequently, the courses 
and the methods of instruction should be pointed in that direction. 

The teachers in such schools may be divided into two general 
classes, the experienced engineers, and those who have had little 
training in the field. The members of the first group are inclined, 
when entering the teaching profession, to overemphasize the im- 
portance of the practical. On the other hand, the instructors with 
mainly an academic background, are inclined to put too much stress 
upon purely theoretical considerations. No one can blame the 
members of either group for the perfectly natural bias which they 
possess when beginning their teaching careers. But if, after a 
reasonable length of time, the two types refuse to make concessions 
to each other they will be deserving of criticism; for their collective 
teaching will become simply a hodgepodge of ill-assorted facts and 
theories, and their students will become oppressed by a sense of 


bewilderment. 
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“ ACADEMIC-GRAPHICS ” 


By EDWARD TAYLOR 


Professor of Engineering Mathematics, Pomona College 


All we teachers of engineering drawing or mechanical drawing or 
draughting—or whatever name we call it—are sure our subject is of 
greatest importance—that it is valuable to the famous “‘average” 
man as well as to the engineer—that it offers trainings and disciplines 
valuable to all educated people. We believe this thoroughly—do 
we have the courage of our convictions? 

After many years spent as a civil and mechanical engineer the 
writer finds himself teaching “pre-engineering” subjects in a most 
“Academic” Liberal Arts College. 

For some years it has been evident that the enrollment in our 
drawing courses was greater than the probable number of pre- 
engineering students in the College would warrant. This led us to 
fear that our work was classed as “snap” or ‘pipe’ courses This 
would have been just too bad, as at times we make ourselves 
abnoxious by declaring that engineering schools demand more and 
better work from their students than is possible in a Liberal Arts 
College. We started to investigate, feeling that there were many 
instructors who would gladly tell us that we were giving courses 
where students got “A” with the minimum of labor or annoyance. 
We found no such condition. 

The enrollment in the drawing courses runs; 60 per cent students 
interested in engineering or architecture, 20 per cent science majors, 
and 20 per cent English or social science majors. The majority of 
the non-engineering students had been put into the drawing by 
their major subject advisors. 

Somewhat the same ideas motivate instructors and students. 
Physics majors seek ability to make clear, pleasing sketches and 
diagrams; geology majors the same plus training in projection and 
space perception as an aid in Crystallography. The future business 
magnates feel that engineering is so interwoven with modern 
business that it is imperative for business men to understand the 
drawing of the engineer and architect. Pre-dental and pre-medical 
students consider it training in manual control. 

The desire for such specialized skills or knowledge is not uniform, 
but all are seeking training in neatness. A professor of English 
said: “I urge your course upon boys whose work is disorderly, 
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inexact, or messy, or who are incoherent in their thinking. A year 
of the work makes a great change—the exact thinking demanded by 
drawing leads to understanding of the need of exact thinking in 
general.” 

This universal emphasis on training in general neatness and in 
thinking is a surprise. It is an idea that has not been present in the 
teaching. ‘The course has been presented entirely as engineering 
training. The work demands much thinking by the students, but 
the teaching has had to do with thinking about geometrical or 
structural relationships, not about thinking in general. Neatness 
is never spoken of, plates must be absolutely correct and exact; they 
must be free from erasures, rough lines, bad letters, etc. In other 
words plates must be neat, but only because each of the separate 
needs that makes for neatness must be satisfied. 

These qualities have not been stressed. Nevertheless the work 
has sold itself to a third of the men in our college, doing this in large 
measure because of these qualities. If these qualities had been 
made prominent, if we had given as much thought to the 40 per cent 
of non-engineering students as to the engineering students, if we had 
varied the work to suit their needs what per cent of enrollment might 
we have had? 

The question is broader than local results here. If in the 
somewhat antagonistic atmosphere of a ‘‘cultural”’ college with no 
pushing by the instructor this work can sell itself to staff and 
students as a desirable training, then we may be sure that drawing 
teachers are justified in their high opinion of the subject. Instead 
of telling each other that we have something good we should “tell 
the world.”” We should strive to have it made accessible not only 
to the engineering students but to the entire student body. 
Straight, clear, accurate thinking is the real goal of all teaching. 
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ECONOMIC CONFERENCE FOR ENGINEERS 


An economic conference for engineers will be held this summer, 
from August 30 through Labor Day, September 7, at the engineering 
camp of Stevens Institute of Technology in northern New Jersey. 
President Harvey N. Davis of Stevens in issuing the preliminary 
outline of the program for the conference announced that the 
engineering alumni of Columbia University and the alumni of 
Stevens, under whose joint auspices the conference will be, will 
welcome to the camp graduates of other colleges and junior members 
of the national engineering societies. The hours for lectures, 
conferences, and round-table discussions by some of the leading 
economists and engineers of the country are to be scheduled so as to 
permit the men in camp to make full use of the camp’s unusually 
good facilities for land and water sports. The serious part of each 
day’s program will have two main elements: in the morning the 
lectures and discussions will deal with ‘‘The Dollar Factor in Engi- 
neering,” or ‘Technique in Calculations Involving Money”’; at the 
open forum and round table discussions in the evening, elements in 
depression, seasonal and cyclical fluctuations will be considered. 

The Carnegie Corporation, on the recommendation of the 
American Association for Adult Education, has endorsed the 
project through a grant of $1,500. A joint conference committee of 
Columbia and Stevens graduates has been formed on which Colum- 
bia 1s represented by Professor James K. Finch of the Columbia 
University faculty, Mr. Lindsay H. Welling of A. Iselin & Company, 
and Mr. Edward C. Meagher of the Texas Gulf Surphur Company; 
and Stevens is represented by Mr. Robert C. Post of Post & McCord, 
Mr. Walter Kidde of the Walter Kidde Construction Company, and 
Mr. Thomas W. Kirkman of the Kirkman Engineering Corporation. 

The lectures and conferences scheduled for the morning hours 
will be under the direction of William Duane Ennis, head of the 
Stevens Department of Economics of Engineering who will be 
assisted by members of the Stevens and Columbia faculties. The 
general topic may be suggested by some such phrase as ‘“‘ The Dollar 
Factor in Engineering.” 

One special principle with which the work may well start is that 
of the time factor in money values. Starting from this point the 
course will deal with such topics as the economic life of a machine or 
construction. Another topic is the choice between alternatives 
inyolving the determination of capitalized cost as a more accurate 

618 

















ECONOMIC CONFERENCE FOR ENGINEERS 619 


method than the one commonly employed of comparing annual 
operating costs, interest and depreciation. 

These topics naturally lead into a discussion of factors affecting 
the best time for construction of other enterprise: when, for ex- 
ample, is it most opportune to build a hydro-electric plant in con- 
trast with a steam plant? When should financing be by the issuing 
of bonds and when by the issue of stocks? Some attention may then 
be given to industrial and governmental financing in general; the 
pay-as-you-go plan, the sinking fund or term bond, and serial bond; 
leading to the calculation of sinking funds, the setting up of maturity 
programs and suggesting the method of determining the yield of a 
bond to the investor. 

In addition to the morning series of lectures and seminars on the 
money factor in engineering, the Economic Conference is planned to 
include eight or nine evening lectures and round-table discussions on 
the business cycle. Four major questions of business depression 
are proposed for consideration: What is the most significant sta- 
tistical description of what has happened since the fall of 1929? 
What statistical approach looks most hopeful for forecasting or for 
starting a public works program? What is the most significant 
explanation of what has happened? What to do about it. 

The first two questions, bringing out a description of a period of 
depression, will be discussed by leading financial and government 
analysts. The third will be submitted to investigators in theo- 
retical economics associated with university faculties and research 
staffs of private corporations. Under the fourth topic, emergency 
relief, industrial stabilization, unemployment insurance and long- 
range planning will be debated by men who have been actively 
engaged in solving such problems for industrial organizations and 
civic committees. 

The list of participants in the discussion of business cycles and 
depressions will be published later. By arrangement with the 
editor of the Forum, Henry Goddard Leach, the discussions will be 
analyzed for publication later. 











CLEARING HOUSE FOR MACHINE DESIGN DATA 


Sixty teachers of machine design from 52 colleges have joined the 
newly formed “Clearing House.” 

Three news letters have been distributed to the participants as 
well as a contribution on ‘‘Super-imposed Diagrams for Studying 
Link Mechanisms”’ by Prof. G. B. Karelitz, and one on “‘ Theoretical 
Considerations in the Design of Spur Gear Teeth” by Prof. F. A. 
Mickle. 

The discussion topic for March was “The Amount of Drafting 
that Should Be Done in a Course in Machine Design.” The many 
discussions contributed showed a divergence of opinion, but the 
majority felt that a good course in engineering drawing should 
precede the design course and that the latter should include enough 
drafting to show the relative arrangement of the parts of the design 
project. The making of detailed working drawings consumes too 
much time which might more profitably be used in other phases of 
design such as the study and numerical applications of stress 
analysis, modern theories of lubrication, and problems involved in 
high speed machinery. The student should be required to express 
his ideas and results in the form of sketches. Paragraphs from 
some of the contributions follow: 

“Designing is distinctly more than drafting. In engineering 
organizations with which I have been affiliated the engineer re- 
sponsible for new designs made the layout drawings, computed the 
proportions of some of the essential parts and turned the project 
over to others for the making of detailed working drawings. The 
engineer’s time is too valuable for this. 

“The drawing is the form in which the engineer’s idea is pre- 
sented on paper so that the man in the shop can read and interpret it. 
This drawing can be made by a lower-salaried person having less 
engineering training and experience—a draftsman as distinguished 
from the designer.” 





“Tf the student has had a real good drawing course previously, 
the machine drafting should be of the design type without detailing. 
It should involve essentially the proportioning of parts and questions 
of manufacture. 

““Much of the design I have seen in colleges partakes of the 
nature of drafting, and hence is of little use in teaching design 
principles.” 
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“It is my opinion that the engineering drawing should be taught 
separately from the design courses, but that a student in machine 
design should be able to make any mechanical drawing necessary 
for the solution of the problem in hand.” 





“Tt would appear to depend upon the drawing content of the 
curriculum. At this school students come to the course having had 
only a small amount of drawing. We feel, therefore, that a certain 
g amount of additional practice is essential, but consider the problem 
work the more important.” 











\. 
B “Assuming the student to have the necessary prerequisite 
r courses I should keep drafting work to the minimum. I should 
d consider it necessary in only two situations: first, for graphical 
h methods of solution, as for shaft deflections of varying, forces; 
a second, layouts to determine relative size or arrangement of parts. 
The design of individual details may be carried on with notebook 
0 # ” 
sketches. 
of 
38 
in “For an elementary course, especially when the student is not 
38 familiar with Mechanics of Materials, part of the time should be 
m devoted to lectures. However, for advanced work the best results 
are accomplished by spending the entire time over the drafting 
1g board. It is just as futile to teach a man how to design without 
p- going over the board as it is to teach him how to swim without going 
1e near the water.” 
ot 
9 “The ultimate objective of a design problem is the finished 
structure or machine. The student cannot, in general build the 
e- ‘ a S 
t machine and test it in service. He can, however, successfully make 
sa a drawing, which is the nearest he can usually get to the objective. 


d This drawing is a wonderful help in enabling him to visualize the 
completed machine. 

“Skill in the execution of fine drawings, as such, should be 
secondary in design courses. But this is no reason why we should 
ys not encourage neatness, accuracy and precise expression in the 
g. ‘universal language.’”’ 
18 





“Of course it is vital that problems be given involving funda- 
mental applications of theoretical mechanics and strength of 
materials, but the working out of these results on the drawing board 
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is also of great importance. The course in machine design here is in 
general a drawing course. The student makes a complete shop 
drawing of each case. Lectures are only a clearing house for the 
drawing room. I wish we had’ more time for problems, but I am 
confident that the students get more out of the course in the way we 
give it here. 





“Industry does not markedly separate design and drafting. 
The writer was a rolling mill and steel works draftsman for nine 
years and has also taught this subject for twenty-four years. In no 
case have I seen the designing engineer simply making freehand 
sketches to be worked out in the drawing room. He always made 
complete general drawings of his machine, making his calculations 
and building his machine on the drawing board. The designer 
must have more than just the ability to figure stresses in machine 
parts, and it would be only a waste of time to turn over free hand 
sketches to the drafting room.” 





“There is always the temptation to lay out college courses that 
will be of immediate ‘practical’ value after graduation. Engi- 
neering courses should be designed to make it possible for the 
student to obtain a maximum amount of fundamental knowledge 
that will have general application. His intensive training should 
be in the analysis and solution of problems. It is the duty of the 
industrial concern that employs the young college graduate to 
train him and teach him the standard practices of the industry and 
their own particular organization. The engineering graduate will 
have far greater opportunity if he is equipped to tackle design 
problems by the application of fundamentals. Extensive training in 
drafting is only more apt to chain him to the drafting board after he 
takes his place in industry.” 





“Too much detail drawing becomes tiresome and time con- 
suming with subsequent fostering of boredom and indifference in the 
student. This is accompanied by loss of valuable instruction in 
more extended subjects. Nevertheless, it seems insufficient merely 
to teach rational methods without some application to specific 
problems. Some drawing is necessary to develop sense of pro- 
portion and to familiarize with the design problem. Some setting 
down of ideas in detail is necessary to direct attention to the 
importance of cost, methods of making and assembly, use of 
standard parts, finish, etc. I do not advocate, however, excessive 
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drawing time, only that necessary to illustrate how things are done, 
and the precautions necessary to observe in designing for pro- 


duction.” 





“My feeling is that drawing done by the student is time- 
consuming and is of less importance than the more fundamental 
principles underlying machine design. Drawing as done in a 
commercial office is largely a matter of adopting standards and 
requires a thorough knowledge of manufacturing processes, knowl- 
edge which the student cannot afford the time to acquire while in 
college. I feel that a well planned course in machine drawing 
should precede the course in design. 

“There is an ever increasing difference between a designer and a 
draftsman. Students are unable to make this distinction. Too 
much time spent on the drawing board in classes in machine design 
leads the student to the erroneous idea that designing is drafting. 
He thereby fails to grasp the more significant aspects of design. 
Even though he may be talented in this work he is apt to avoid it if 
he gets the erroneous impression that a machine designer must 
spend much of his professional life over a drawing board.” 





“In machine design much time should be spent in the solution of 
problems involving an application of the fundamental principles of 
mechanies to the strength and proportions of machine parts. Each 
of these problems should be accompanied by a pencil sketch ilhus- 
trating the problem and showing all dimensions and other data 
pertinent to the problem. After this, one or more complete ma- 
chines should be designed under conditions that simulate as nearly 
as possible those of an engineering office. Here the note-book 
should receive first attention. Aside from this the teaching of mere 
technique in drafting does not have an important part in machine 
design.” 





The ideas of teachers outside the clearing house are also welcome. 


Frank L. Erpmann, Chairman. 
CotumsBia UNIVERSITY. 
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Program: Purdue Meeting Engineering Drawing Division 
I. What may be done to broaden the field of service of the Engineering Drawing Department 


A. Teach graphical expression in its proper relationship to the specialized fields of engineering 

as well as by promoting drafting as an appropriate entrance to the as profession. 
Increase the interest of the teacher of protien subjects not only in the subject matter, but 
also in the relations subject matter has to other engineering subjects, and in a scientific study of 


methods of teaching. 

C. Survey the engineering education field looking towards the establishment of subjects to be 
appropriately te Sot as within the scope of an Engineering Drawing Department and the ideal 
organization for the teaching of Engineering Drawing and allied subjects. 


Il. Artin Engineering Design 


A. Historical reasons for development of the artistic in design as found in the experiences of 


previous civilizations. 
S What may be done in elementary drawing courses to develop the artistic sense. 


. Discussions of: 
4 " Are the habits of neatness, accura ¢ Man athe techniques of drafting necessary elements in the 
development of the artistic sense; artistic wings? 
. What use of models and modeling should be made in this development of the artistic sense 
and the artistic drawing? 
. What effect is the increasing conventionalization of drawings going to have on the problem? 
4. What immediate changes may be made in drawing courses to aid in the development of the 


artistic in drawing? 
5. Should we have an intermediate course between the present elementary courses and those in 


design to take care of the problem? 
III. Summer Session Committee Reports 


Committee No. 1: Aims and Purposes of Engineering Drawing Courses: 

The committee believes that the aims and p of Engineering Drawing will be accom- 

plished when students: (1) understand the orincipies of orthographic projection; (2) are able to use 
instruments with reasonable skill; (3) are able to do good lettering; (4) are familiar with 

dimensioning Lp eed and standard conventions; (5) are able to do acceptable freehand sketching; 

(6) understand the principles of pictorial representation; (7)-are impressed with the necessity for 

correctness, accuracy, neatness and logical arrangement of any information which is to be presented 

in graphical form. 

Committee No. 2: Methods of Teaching Engineering Drawi: 

The teaching program rec (1) md ‘Study and Preparation; (2) Recitation 
including lectures; (3) Drawing Room Periods. 
Committee No. 3: Aims and OE wp of Descriptive Geometry: 

| committee expressed the opinion that the aims and purposes of Descriptive Geometry 

‘ouped under two heads: (1) Mental training, including (a) the development of the power 

of < ization, (b) fuining in the power of analysis, (c) experience in following instructions; and 
@) hical training, inc duding & training in accuracy and neatness, (b) the adherence to 
ao (c) experience in technique of graphics. 
Commectier No. 4: Methods of Teaching Descriptive Geometry: 

The committee recommends ‘‘that a program consisting of class periods, drafting periods, 
home work, tests or quizzes and examinations be accepted as an approach to the ideal method of 
teaching descriptive geometry.” 

Committee No. 5: Coérdination of Drawing and Descriptive Geometry with Other Courses: 

. . . In order to coérdinate with other courses in either a preparatory or a supplementary 
manner, it is essential that the departments keep in touch with each other—much of profit is 
available, if the ple afforded by the industries is followed. Likewise, it is highly important to 
know whether a student who has acquired a certain proficiency is still progressing—or whether on 
account of the lack of emphasis, he is a ‘graphical’ Gone” 





may be 





624 














SOME UNSUNG ASPECTS OF COOPERATIVE TRAINING 
By F. E. AYER 


“What percentage of your coéperative students who should be 
working are now employed?” 

“ About twenty-five per cent.” 

“Ah! Then the codperative method fails in times of de- 
pression?” 

“Tn true Yankee fashion let me answer your question with 
another. What percentage of your 1930 graduates are now 
employed?” 

“T haven’t the exact figures, but probably not over half and, 
perhaps, not more than twenty-five per cent.” 

“Ah! Then the full-time method fails in times of depression?” 

Obviously, ‘‘No” is the answer to both questions. All engi- 
neering colleges are trying to fit young men to go out and take their 
places in the profession as practiced under our existing economic 
conditions. In this organization of society personal services have a 
market value very largely dependent upon supply and demand, and 
the younger the embryo engineer realizes this fact, the sooner is he 
fitted to plan his personal budget accordingly. Therefore, there is a 
distinct advantage, although a painful one, in graduating at a time 
when employment is difficult to get. And by the same reasoning, 
the codperative student who goes through such an experience. 
previous to graduation starts his professional career with a very 
definite knowledge, gained through experience, of the uncertainty of 
continuous employment. 

But what are these students doing who are unemployed? Most 
of them are continuing in school full time with the idea of spending a 
proportionately longer period at work when conditions are such that 
this is possible. Many are doing so at great financial inconvenience, 
but they are learning a lesson in economics which might have 
helped to prevent the present condition had there been a wider 
knowledge of it. 

Another interesting by-product of codéperative training is the 
effect upon the student of his contact during his formative years 
with mature men. A freshman comes in to complain to the 
coordinator about his work and its lack of educational opportunities. 
His whole conversation is a striking example of kiddishness. Some- 
time between two and three years later, he comes in again, and the 
coérdinator realizes at once that this immature student has evoluted 
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into a man. When we remember that the full-time student has 
very little contact with men, beyond his associations with his 
instructors, and that he lives almost entirely in a somewhat secluded 
world of immaturity, it is not surprising that he gets an erroneous 
idea of life as it is actually lived, and that he places exaggerated 
values upon winning football games, making a particular fraternity, 
or shining at the Junior “ Prom.” 

The codperative method teaches by experience life in a highly 
competitive society and hastens manly development through contact 
with adults. 

















COLLEGE NOTES 


With the opening of the next school year, Case School of 
Applied Science will offer an extensive postgraduate curriculum 
open to both men and women. 

The graduate courses will lead to the Master of Science Degree, 
subject to the requirements of admission, courses to the extent of 
thirty semester hours, and the completion of a thesis directed by the 
head of the respective department. 

Departments ready to offer such postgraduate programs next 
year are those of Astronomy, Mathematics, Physics, Mechanics and 
Hydraulics, Civil Engineering, Mechanical Engineering, Electrical 
Engineering, Metallurgical Engineering and Chemical Engineering. 

President Wickenden states that this development of the Case 
graduate curriculum is a direct advance in preparation for the part 
Case will take in the graduate work of the new University Founda- 
tion of Cleveland being arranged by Case School of Applied Science 
and Western Reserve University. The president aims to build up a 
curriculum which will offer graduate work in engineering the equal of 
any, both in courses and in equipment. 


A College of Fine and Applied Arts for the University of Illinois 
was approved by the University board of trustees at its meeting 
March 12. This brings the total colleges on the Champaign- 
Urbana campus to seven, in addition to four schools. Three units— 
the College of Medicine, the College of Dentistry and the School of 
Pharmacy—are located in Chicago. 

This new college has been made possible by the coérdination of 
certain fields of work now being offered by the institution, which 
have a common point of view, for purposes of administration and 
development. . 

The movement has been under consideration since 1921. At the 
beginning, it was announced, the new college will include the 
School of Music, department of architecture, department of art 
and design, division of landscape architecture, including the option 
in city planning. 

Although first proposed in 1921, for one reason or another it 
has not been practicable to make this reorganization heretofore, 
although the proposal has remained under consideration pursuant 
to the action of the University Senate in October of that year, which 
voted that the matter be given further study with the view to 
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presenting to the Senate a plan for such a college when it is possible 
to provide adequately for such an additional unit. 

In 1928, a special committee of the faculty was appointed to 
make specific recommendations for the organization of a College of 
Fine Arts. This committee made a detailed report after five or six 
months of study, which report has furnished the basis for the 
specific recommendations of the committee on educational policy, 
subsequently approved by the board to-day. 

For the time being, admission requirements to the several units 
remain as at present, students now registered in the present cur- 
ricula will be allowed to continue these curricula to graduation, and 
the degrees offered will be, until further provision is made, those 
given upon the completion of the present curricula. 

The recommendations of the committee also suggested that the 
cultivation of esthetic taste on the part of the student body at large 
should be considered one of the major aims of such a college, and 
that suitable subjects for the development of general artistic 
appreciation should be so presented as to make them desirable as 
electives in other colleges: The committee also stated in its report 
that it is its understanding that the plan proposed does not commit 
the University to any large additional expense nor to any elaborate 
expansion of activity. 


Massachusetts Institute of Technology.—The Guggenheim 
Foundation awarded the Guggenheim Memorial Fellowships to two 
Professors at the Institute. One award was made to Dr. Otto G. C. 
Dahl, Associate Professor of Electric Power Transmission. Under 
the provisions of the Fellowship Dr. Dahl will make a study of 
European practices in electric power transmission. 

Dr. George Scatchard, Associate Professor of Physical Chemis- 
try, received the other award, and will make studies in the theory of 
liquid solutions, in consultation with certain European scholars. 
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BOOK REVIEWS 


Counting and Measuring. By H. Von Hetmuoutz. Translated by 
CHARLOTTE Lowe Bryan with an Introduction and Notes by 
Haroip T. Davis. D. Van Nostrand Co., Inc. Price $2.50. 


This volume of 70 pages is divided almost equally between the 
Introduction and the Translation. The former, in a satisfactory 
way, surveys “briefly the background of present-day mathematical 
and physical foundations,” and measures “The advance which 
philosophers in these sciences believe they have achieved.” Quoting 
further from the first section: “The subject of number and its 
relation to the description of nature possesses both ontological and 
epistemological aspects. It is in part psychological and in part 
philosophical. Basic tenets may often be reduced to question of 
preference . . . the psychological elements which underlie the 
definition of number given by philosophers . . . may be grouped 
into three types: Those which seek to associate number with an a 
priori intention of time; those which seek to codrdinate the idea of 
number with space; those which affirm that number is a concept suz 
generis and is related only secondarily if at all to time and space. 


But closely associated . . . is the more baffling concept of bound- 
lessness or infinity. ... paradoxes of Zeno . . . space composed 
of points . . . limits. . . . We thus see that the problem of number 


is bound up with the psychological question as to its origin in man’s 
thoughts, with the ontological question as to the nature of a point, 
and the epistemological question as to the nature of our knowledge 
of infinity. We shall trace in brief outline the historical progress of 
these questions.”’ 

The topics of the remaining ten sections are: Time as the Origin 
of Number; Space as the Origin of Number; The Origin of Modern 
Number Concepts; The Continuum of George Cantor; The Logistic 
School; The Intuitionalism of Brouwer; The Formolism of Hilbert; 
Physical Empircism; The Postulate of Boundedness; The Physical 
Continuum. 

The translated article, Counting and Measuring, and the Notes 
present an interesting and somewhat extended discussion of number 
and the socalled axioms of number—definitions, nature, origin, 
generalizations, logical implications, and physical significance. 


K. D. §&. 
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Electrical Laboratory Studies. By W. L. Upson of Washington 
University. Published by McGraw-Hill Book Company. 178 
pages. Price $5.00. 


This book deals with direct current principles as applied in the 
laboratory. Approximately two-thirds of the book is given over to 
such items as resistance, meters, heating, etc., and the balance to 
direct current machinery and a short chapter on alternating current 
circuits. 

The book opens with an introductory chapter pertaining ta 
instructions on writing reports, care of instruments, protection o 
instruments and other pertinent topics. Chapters following this, 
take up Ohm’s law, meters, measurement of resistance, batteries 
lamps, heating, magnetism, generators, motors and alternating) 
current circuits. 

The author spends considerable time in discussing electrical) 
heating and the measurement of resistance. Special experiments, 
such as the construction of an electric furnace are given. Very 
little time is given to experiments involving magnetic principles. 

There are about thirty experiments which are devoted to direct” 
current machines. These involve the characteristics of motors and 
generators, their efficiencies and operations under different con-7 
ditions. Most of the experiments have preliminary information 


concerning the factors that are involved and which may be read over 
before data are actually taken. Each experiment is numbered and 


directions are given for performing it. 
R. W. A. 











